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NATURAL  PHILOSOPHY. 


PART  lY. 

DOCTRINES  OF  IMPONDERABLE  SUBSTANCE,  UNDER  THE  HEADS  OF  HEAT, 
LIGHT,  ELECTRICITY,  AND  MAGNETISM. 

834.  To  minds  entering  on  tins  study,  it  may  facilitate  the 
conception  of  a substance  which  is  without  weight,  or  at  least 
is  at  present  imponderable  by  human  art,  to  consider  again  the 
nature  of  air,  as  explained  in  Articles  511  and  512.  Until 
lately,  men  were  so  imperfectly  acquainted  with  the  constitution 
of  the  universe  around  them,  that  a person  placed  in  an  apart- 
ment which  otfered  to  view  nothing  but  the  naked  walls,  would 
have  said  that  it  was  empty,  meaning  literally  what  he  said ; 
and  even  when  advertised  that  there  was  air  in  the  room,  he 
would  still  have  been  far  from  possessing  a clear  notion  that  it 
was  full  of  aerial  fluid  driven  in  and  compressed  by  the  weight 
of  the  atmosphere  above,  just  as  an  open  vessel  at  the  bottom  of 
the  sea  is  full  of  water  under  pressure  of  the  water  above,  and 
that  if  no  air  were  allowed  to  escape  from  the  room,  even  so 
small  a body  as  an  apple  could  not  be  thrust  into  it  additionally 
but  by  a force  of  many  pounds ; that  is  to  say,  but  by  a force 
somewhat  greater  than  the  atmospheric  pressure  of  about  15  lbs. 
per  square  inch  of  surface,  which  is  really  seeking  entrance  into 
all  places  at  the  surface  of  the  earth,  and  is  resisted  only  by 
the  bulk  of  the  elastic  air  abeady  in  the  places.  This  truth, 
however,  is  now  clearly  understood,  and  is  strikingly  and 
familiarly  illustrated  by  the  recent  adoption  of  the  substance 
of  air  in  place  of  feathers,  as  stuffing  for  beds  and  pillows. 
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A bag  or  sack  suspended  by  its  lip  in  tbe  air,  and  held  quite 
open  by  a lioop  near  its  mouth,  in  common  language  is  called 
empty,  but  if  air-tight,  and  it  be  then  firmly  closed  above  the 
hoop,  it  imprisons  its  fill  of  air,  just  as  a bag  similarly  managed 
under  water  imprisons  its  fill  of  water.  Although  air  so  con- 
fined is  more  moveable  within  the  bag  than  feathers,  its  entire 
mass  is  much  less  compressible.  Now  common  air,  at  the 
surface  of  the  earth,  when  weighed  by  suitable  means,  is  found 
in  a cubic  foot  to  contain  nearly  an  ounce  and  a third  of 
ponderable  substance,  and  may,  by  causing  it  to  combine  chemi- 
cally with  other  substances,  be  reduced  to  very  small  bulk, 
either  with  the  form  of  a liquid  or  of  a solid ; proving  how  small 
a quantity  of  ponderable  matter  under  certain  circumstances  can 
occupy  great  space.  Then  common  air  is  by  no  means  the 
lightest  known  substance,  which  as  powerfully  resists  the  intru- 
sion of  other  bodies  where  it  exists.  Hydrogen  gas,  for  instance, 
of  the  same  space-occupying  force,  weighs  only  a fourteenth 
part  as  much,  and  therefore  a few  ounces  of  it  confined  in  a 
strong  sack  as  broad  as  the  foundation  of  a house,  would,  if  the 
atmospheric  pressure  above  were  kept  off,  support  a house,  or  a 
vessel  as  large  as  a house,  filled  with  water  to  a height  of  thirty 
feet,  without  having  its  bulk  diminished,  the  gas  itself  being 
then  eighty  thousand  times  lighter  than  its  bulk  of  gold ; and  if 
the  pressure  be  taken  off  from  such  gas  at  the  surface  of  the 
earth,  it  readily  expands  to  a volume  even  a thousand  times 
as  gi-eat,  still  exerting  a considerable  outward  elasticity. 

The  mind,  pursuing  the  idea  of  such  expansion  or  occupancy 
of  space  by  a small  quantity  of  ponderable  matter,  is  prepared 
to  admit  the  possibility  of  there  being  a fluid  medium  through- 
out space,  which,  although  it  might  press,  resist,  communicate 
motion,  and  have  other  influences  in  common  Avith  more  pon- 
derable matter,  might  have  neither  weight  nor  inertia  discover- 
able by  means  at  present  known.  Wliile  Ave  are  contemplating, 
then,  or  modifying  the  agencies  concerned  in  the  phenomena  of 
heat  and  cold,  of  light  and  darkness,  of  electricity  in  its  forms  of 
thunder  and  lightning,  of  galvanism,  or  of  magnetism,  in  a 
Avord,  the  most  striking  phenomena  of  nature,  Ave  may  be  deal- 
ing Avith  matter  having  the  subtile  constitution  noAv  spoken  of. 
And  as  in  the  terrestrial  atmosphere  there  are  various  kinds 
of  air  present,  as  those  called  oxygen  and  nitrogen,  of  distinct 
nature,  so  in  a more  subtile  medium  filling  space,  there  may  be 
various  ingredients. 
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835.  Philosophers  now  incline  to  the  opinion  that  there  is  at 
least  one  such  subtile  fluid  or  medium  occupying  the  wide 
space  of  the  universe,  and  tending  to  equable  diffusion,  which 
fluid  pervades  denser  substances  somewhat  as  water  pervades  a 
sponge  or  loose  sand,  having  peculiar  relations  to  each  chemical 
element.  They  believe  farther  that  the  kinds  of  phenomena 
above  referred  to,  exhibiting  sometimes  the  highest  beauty, 
sometimes  awful  intensity  and  power,  are  dej)endent  more  or 
less  on  the  motions  or  other  affections  of  such  fluid  or  fluids, 
somewhat  as  the  sensation  of  sound  in  all  its  varieties  is  pro- 
duced in  the  delicate  structure  of  the  ear  by  modifications  of 
motion  in  the  ah’.  Many  philosophers  until  lately  held  the 
causes  both  of  light  and  of  heat,  to  be  subtile  particles  pro- 
jected tln-ough  space,  somewhat  as  sand  might  be  scattered  by 
an  explosion,  such  peculiar  particles  being  jjresent  only  when 
the  effects  were  perceived ; but  now  they  hold  the  phenomena 
to  be  connected  vdth  vibratory  motions  in  such  a subtle  elastic 
medium  as  above  described,  and  for  heat  moreover  in  the  known 
ponderable  matter  of  the  bodies  in  which  the  heat  exists. 

We  mention  these  hypotheses,  not  with  the  view  of  entering 
upon  a detailed  examination  of  their  respective  merits,  or  of 
asserting  that  any  one  of  them  is  the  whole  explanation,  but 
merely  to  make  the  reader  aware  of  the  directions  which  in- 
quirers’ minds  have  taken  in  pursuing  the  investigation.  The 
ascertained  facts  and  laws  of  change  important  to  be  known 
to  the  general  student  can  be  described  independently  of  such 
hypotheses. 

836.  Successive  steps  by  which  men  have  approached  their 
present  knowledge  of  the  nature  of  heat  have  been  nearly  as 
follows : — 

1st.  Of  old  it  was  thought  that  sound  was  a subtile  something 
which  shot  and  spread  around  from  sounding  bodies  and  entered 
the  ears  of  persons  within  a certain  distance,  producing  the 
sensation  called  sound.  It  Avas  then  observed  that  bodies 
wliilst  sounding  were  generally  in  a state  of  visible  tremor  or 
vibration,  like  the  lip  of  a bell  or  the  string  of  a musical  instru- 
ment ; but  until  the  time  of  Galileo  it  was  not  known  that  the 
air  surrounding  all  things  on  earth  is  a material  elastic  fluid, 
having  weight,  inertia,  and  bulk  like  other  kinds  of  ponderable 
matter,  being  capable,  therefore,  of  receiving  and  conveying  to 
a distance  the  tremors  or  minute  vibrations  of  a sounding  body, 
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nearly  as  the  surface  of  a pond  into  which  a pebble  is  dropped 
exhibits  a succession  of  circular  waves  spreading  from  the  spot 
where  the  stone  falls  to  considerable  distances  around.  The  air 
might  thus  act  as  by  a gentle  touch  on  the  delicate  structure  of 
the  internal  ear.  A proof  that  such  a sujjposition  was  well 
founded  was  afforded  after  the  invention  of  the  air-pump  by 
striking  experiments.  A small  bell  placed  within  the  receiver  of 
an  air-pump,  and  made  to  ring  continuously  by  the  action  of  a 
spring,  is  heard  distinctly  while  there  is  air  in  the  receiver,  but 
the  sound  becomes  less  and  less  audible  in  proportion  as  the  air 
is  abstracted,  until  no  air  remains,  and  then  no  sound  is  heard  ; 
on  re-admitting  air  the  sound  gradually  increases  again  and  at 
last  is  as  loud  as  at  first.  Other  facts  were  soon  observed  all 
proving  the  same  truth — that  the  sound  was  conveyed  by  undula- 
tion of  the  air.  Thus  if  two  musical  strings  similarly  stretched 
were  placed  not  far  from  each  other,  the  sounding  vibration 
produced  by  a tug  at  one  of  them  was  quickly  produced  also  in 
the  other,  through  tlie  medium  of  the  undulations  of  the  air 
between  them.  And  it  was  found  that  aerial  undulations  of 
sound  striking  against  a smooth  flat  surface  were  tmmed  back  or 
reflected  from  that  so  as  to  form  what  is  called  an  echo,  nearly 
as  the  waves  of  water  in  a pond  having  upright  sides  are  turned 
back  or  reflected  by  these. 

2ndly.  It  was  then  suspected  that  light  travelling  freely 
through  air,  and  still  more  readily  through  space  deemed  a 
vacuum,  was  an  undulatory  phenomenon  of  the  same  nature 
as  sound,  only  taking  place  in  a fluid  still  more  subtile  than  air 
and  which  pervaded  space  even  to  beyond  the  sun  and  stars, — 
a fluid  without  weight  or  inertia,  but  capable  of  affecting  by  its 
motion  the  extremely  sensitive  nerve  called  the  retina,  spread  as 
a lining  on  the  interior  surface  of  the  eye.  As  the  undulations 
of  water  in  a pond  are  reflected  from  the  upright  wall,  and  as 
the  undulations  of  sound  are  reflected  from  smooth  surfaces  to 
form  an  echo,  so,  nearly,  are  the  undulations  of  light  in  the 
supposed  medium  reflected  from  the  surface  of  smooth  mirrors. 
Many  other  close  resemblances  were  noted  between  these  dif- 
ferent kinds  of  undulation,  as  will  be  shown  in  future  pages. 

3rdly.  Then,  because  heat  radiates  from  the  sun  and  other 
luminous  bodies  as  light  does,  and  in  apparent  union  wdth  light, 
having  the  same  marvellous  speed,  and  being  reflected  from 
surfaces  exactly  like  light,  so  that  its  rays  can  be  made  to 
converge  or  diverge  by  mirrors  and  transparent  lenses  as  the 
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rays  of  liglit  do,  and  thereby  to  form  burning  glasses  and 
mirrors,  there  seemed  proof  that  laeat  also  is  of  an  nndulatory 
nature,  produced  in  the  same  or  in  a similar  subtile  diffused  fluid 
— most  probably  in  the  same  fluid — according  to  the  marvellous 
simplicity  wliich  pervades  nature. 

SS7.  The  other  very  important  phenomena  and  effects  of 
heat,  such  as  the  dilating,  melting,  vaporizing,  &c.,  of  ponder- 
able substances  of  which  the  atoms  may  take  on  the  nndulatory 
condition,  are  not  yet  fully  thus  explained,  but  rapid  advances 
are  being  made  in  this  department  of  knowledge. 

838.  Yet  further,  as  will  be  shown  in  the  chapters  on  Elec- 
tricity and  Magnetism,  the  phenomena  of  these  also  appear  to 
be  forms  of  motion  and  action  closely  allied  to  those  of  light 
and  heat;  for  both  light  and  heat  are  produced  with  highest 
intensity  by  electrical  apparatus.  And  some  inquirers  are 
prepared  to  learn  that  even  the  gravitation  and  inertia . of 
ponderable  matter,  no  causes  of  which  have  yet  been  plausibly 
conjectured,  will  be  better  understood  when  the  nature  of  the 
imponderables  is  more  fully  ascertained.  Lastly  may  come 
from  the  same  source  farther  explanation  of  the  chemical  afiSnities, 
of  ciystallization,  &c.  Some  speculators  have  gone  so  far  as  to 
suppose  that  the  different  gases  are  merely  combinations  of  the 
diffused  ethereal  medium  with  minute  quantities  of  the  different 
kinds  of  ponderable  substance. 

The  object  of  this  work,  however,  is  not  to  deal  with  deep 
questions  of  causation  yet  unsettled,  and  which  can  interest  only 
a small  class  of  readers,  but  to  give  such  knowledge  of  impor- 
tant facts  and  laws  as  beflts  the  general  student.  Newton,  by 
discovering  the  laws  of  gravitation  wliich  regulate  the  great  phe- 
nomenon of  the  universe,  singularly  elevated  the  condition  of 
man  on  earth,  but  he  threw  out  no  conjecture  as  to  the  occult 
cause  of  gravitation. 
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CHAPTEE  I.— ON  HEAT. 


ANALYSIS  OF  THE  SECTION. 

Heat  may  he  strikingly  referred  to  as  that  which  causes  the  difference 
between  winter  and  summer,  between  tropical  gardens  and  polar  wastes. 
It  cannot  be  exhibited  apart,  nor  proved  to  have  weight  or  inertia,  but 
the  change  of  its  amount  in  bodies  is  conveniently  estimated  by  the  con- 
comitant change  of  their  bulk  ; any  substance  so  circumstanced  as  to 
allow  this  to  be  accurately  measured  serving  as  a thermometeb. 

Seat  diffuses  itself  among  neighbouring  bodies  until  all  have  the  same 
temperature,  that  is,  until  all  similarly  affect  a thermometer.  Its  inferior 
degrees  are  denoted  by  the  term  cold.  It  spreads  partly  through  their 
structure,  or  by  conduction,  as  it  is  called,  with  a progress,  different 
foi'  different  substances,  and  which  in  fluids  is  quickened  and  modified 
by  the  motion  of  their  particles ; and  it  sp-eads  partly  also  by  being 
radiated  or  shot  like  light  from  one  body  to  another,  through  transparent 
media  or  open  space,  with  readiness  influenced  by  the  material  and  state 
of  the  giving  and  receiving  surfaces. 

Seat,  by  entering  bodies,  expands  them,  and  through  a range  which  includes, 
as  three  successive  stages,  the  forms  of  solid,  liqitid,  and  air  or  gas  ; 
becoming  thus  in  nature  the  grand  antagonist  and  modifier  of  that  at- 
traction which  holds  corpoi'eal  particles  together,  and  which,  if  acting 
alone,  loould  reduce  the  whole  material  universe  to  one  solid  life- 
less mass.  Each  particular  substance,  however,  according  to  the  nature, 
proximity,  &c.,  of  its  ultimate  particles,  takes  a certain  quantity  of  heat 
(said  to  mark  its  capacity'),  to  produce  in  it  a given  change  of  tempe- 
rature or  calorific  tension;  undergoing  expansion  then  in  a degree 
proper  to  itself,  and  changing  its  frrm  to  liquid  and  air  at  points  of 
temperature  proper  to  itself.  Such  expansion  in  bodies  generally  in- 
creases more  rapidly  than  the  temperature,  as  if  the  cohesion  of  their 
particles  lessened  with  increase  of  distance ; being  remarkdbly  greater 
therefwe  in  liquids  than  in  solids,  and  in  airs  than  in  liquids  ; and  the 
rate  of  expansion,  moreover,  being  quickened  as  the  bodies  approach 
their  points  of  changing  form  to  liquid  or  air.  To  produce  these  two 
changes,  a large  quantity  of  heat  enter's  them  ; but  in  the  new  arrange- 
ment of  particles  and  generally  increased  volume  of  the  mass,  it  becomes 
hidden  from  the  thermometer,  and  is  therefore  called  latent  heat. 
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For  any  given  substance  the  changes  of  form,  happen  so  constantly  at  the 
same  tempei-ature,  that  they  marJc  fixed  points  in  the  general  scale  of 
temperature,  and  enable  men  to  regulate  and  compare  thermometers. — 
Heat  by  changing  the  farms  of  different  substances  at  different  tempera- 
tures, influences  much  their  chemical  combination. — Heat  influences 
much  the  functions  of  vegetable  and  animal  life. 

The  great  source  of  heat  is  the  sun  ; but  man  has  gradually  learned,  by 
combustion,  electricity,  and  other  means,  to  command  heat  at  all  times, 
for  ^purposes  of  highest  utility  to  his  race.* 


“ Heat  may  he  strikingly  referred  to  as  that  which  causes  the 
difference  between  summer  and  winter,  between  the  gardens 
of  the  equator  and  polar  wastes.”  (See  the  Analysis,  p.  406.) 

839.  In  the  warm  and  temperate  climates  of  the  earth,  its 
surface  affords  a delightful  abode  for  man  and  inferior  animals, 
supplying  all  their  wants  and  desires  ; but  where  winter  comes 
with  a temperature  below  the  freezing  point  of  water,  the  scene 
is  entirely  changed.  Then  the  earth  with  its  waters  is  soon 
bound  up  in  snow  and  ice,  the  trees  and  shrubs  become  leafless, 
appearing  everywhere  like  withered  skeletons, — countless  multi- 
tudes of  living  creatures,  owing  either  to  the  bitter  cold  or 
deficiency  of  food,  are  perishing  in  the  snows — nature  seems 
dying  or  dead.  The  reverse  change  takes  place  when  spring 
returns,  that  is,  when  heat  returns.  The  earth  is  again  un- 
covered and  soft,  the  rivers  flow,  the  lakes  are  again  liquid 
mirrors,  the  warm  showers  come  to  foster  vegetation,  which 
soon  covers  the  ground  with  beauty  and  plenty.  Man,  lately 
inactive,  is  recalled  to  many  duties;  his  water-wheels  are 
everywhere  at  work,  his  boats  are  again  on  the  canals  and 
streams,  his  busy  fleets  of  industry  are  along  the  shores  : — 
winged  hfe  in  new  multitudes  fills  the  sky,  finny  life  similarly 
fills  the  waters,  and  every  spot  of  earth  teems  with  vitality  and 
joy.  Many  persons  regard  these  changes  of  season  as  if  they 

• It  is  to  be  remarked  here,  that  many  phenomena  in  which  heat  plays  an 
important  part,  have  been  described  in  preceding  chapters  of  this  work ; — for 
instance,  the  action  of  the  steam-engine,  the  phenomena  of  winds,  many  facts 
in  meteorology,  &c.,  under  the  head  of  Pneumatics.  In  a separate  treatise  on 
heat,  these  could  not  with  propriety  have  been  omitted  ; but  in  a comprehen- 
sive system  of  physical  science  like  the  present,  they  find  their  fit  jdace,  where, 
being  surrounded  by  subjects  resembling  them  in  more  intricate  particulars, 
they  can  be  more  concisely  and  clearly  explained. 
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came  like  the  successive  positions  of  a turning  wheel,  of  which 
one  necessarily  brings  the  next ; not  adverting  that  it  is  the 
single  circumstance  of  change  of  temperature  which  effects  all. 
But  if  the  colds  of  winter  arrive  too  early,  they  unfailingly 
produce  the  wintry  scene,  and  if  warmth  come  before  its  time 
in  spring,  it  expands  the  bud  and  the  blossom,  which  a return  of 
frost  will  surely  destroy.  A seed  sown  in  an  ice-honse  never 
awakens  to  life. 

Again,  as  regards  climates ; — the  earthy  matters  forming  the 
exterior  of  our  globe,  and  therefore  entering  into  the  compo- 
sition of  soils,  are  not  dilferent  for  different  latitudes;  at  the 
equator,  for  instance,  and  near  the  poles.  That  the  aspect  of 
nature  then  in  these  two  situations  exhibits  permanently  a 
contrast  more  striking  still  than  between  the  annual  summer 
and  winter  of  one  place  in  a temperate  and  changing  climate, 
is  owing  merely  to  the  great  inequality  of  temperature,  which 
is  permanent.  Where  heat  abounds,  we  see  the  magnificent 
scene  of  uninterrupted  tropical  fertdity : the  earth  everywhere 
covered  with  luxuriant  vegetation  in  much  greater  variety  than 
the  milder  temperate  regions  can  show,  in  the  midst  of  which, 
animal  forms  are  equally  abundant,  many  of  the  species  having 
surpassing  beauty,  as  birds,  for  instance,  with  plumage  as 
brilliant  as  the  gayest  fiowers.  The  pure  warm  air  is  loaded 
with  perfume  from  the  spice-beds,  and  happy  human  inhabit- 
ants call  the  scene  a paradise. — Again,  where  heat  is  perma- 
nently absent,  there  is  the  dreary  spectacle  of  polar  barrenness, 
bare  rock  or  mountain,  when  not  covered  with  snow  or  ice, 
instead  of  fertile  fields ; no  rain,  nor  cloud,  nor  dew  ; vegetable 
life  scarcely  existing,  and  but  of  lowly  form  in  some  sheltered 
spots  facing  the  sun.  In  the  winter  of  these  climates,  dm-ing 
which  the  sun  does  not  rise  above  the  horizon  for  nearly  sis 
months,  the  new  horrors  are  added,  of  the  unbroken  darkness 
and  dreadful  silence,  with  cold  benumbing  all  life,  and  even 
freezing  mercury.  Into  such  a scene  civilized  man  may  pene- 
trate from  more  favoured  climes,  but  he  can  only  leave  his 
protecting  ship  and  fires  for  short  periods,  nearly  as  he  might 
issue  from  a diving-bell  at  the  bottom  of  the  sea.  While  winter 
then,  or  the  temporary  absence  of  heat,  may  be  called  the  sleep 
of  nature,  the  more  permanent  torpor  about  the  poles  is  more 
like  its  death.  Truly,  therefore,  may  heat,  the  subject  of  our 
present  chapter,  be  considered  as  the  sustainer  of  life  in  the 
universe. 
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“ Heat  cannot  le  exhibited  apart,  nor  proved  to  have  weight  or 
inertial  (Read  the  Analysis,  page  406.) 

840.  Although  heat  is  known  to  he  abundant  in  the  sun- 
beam, and  to  radiate  copiously  from  a blazing  fire,  we  cannot 
otherwise  arrest  or  detect  it  in  its  progress  than  by  allowing  it 
to  enter,  and  remain,  in  some  ponderable  substance.  We  know 
hot  iron  or  hot  water,  or  hot  air,  but  nature  nowhere  presents  to 
us,  nor  has  art  succeeded  in  exhibiting  to  us  heat  alone. 

If  we  balance  a quantity  of  ice  in  a delicate  weigh-beam, 
guarded  against  air-currents,  and  then  leave  it  to  melt,  the 
equilibrium  will  not  be  in  the  slightest  degree  disturbed.  Or  if 
we  substitute  for  the  ice,  boiling  water  or  red-hot  iron,  and 
leave  these  to  cool,  there  will  be  no  difference  in  the  result. 
If  we  place  a pound  of  mercury  in  one  scale  of  the  beam  and  a 
pound  of  water  in  the  other,  and  then  either  heat  or  cool  both 
through  the  same  number  of  thermometric  degrees,  although 
about  thirty  times  more  heat  (as  will  be  explained  below)  enters 
or  leaves  the  bulky  water  than  the  dense  mercury,  the  two 
substances  will  stiU  remain  perfectly  equipoised. 

Again,  a broad  sunbeam,  with  its  intense  light  and  heat,  may 
be  concentrated  by  a powerful  lens  or  mirror,  and  be  made 
to  fall  upon  the  scale  of  a most  delicate  balance  placed  in  a 
vacuum,  but  will  produce  no  depressing  effect  on  the  scale,  as 
would  follow  if  what  constitutes  the  beam  had  the  least  forward 
motal  inertia  or  momentum. 

841.  Such  were  among  the  facts  which  led  certain  inquirers  to 
reject  the  old  theory  of  the  material  or  separate  existence  of 
a matter  of  heat  called  caloric,  and  to  hold  heat  to  be  merely 
motion  of  a certain  kind  among  tbe  material  particles  of  bodies, 
as  sound  is  motion  of  another  kind  among  tbe  same  particles. 
The  following  facts  they  considered  to  point  to  the  same  con- 
clusion. Heat  can  be  produced  without  limit  by  friction,  as — 
when  savages  light  their  fires  by  rubbing  together  two  pieces  of 
wood — when  Count  Rumford  made  great  quantities  of  water 
boil,  by  causing  a blunt  borer  to  rub  against  a mass  of  metal 
immersed  in  the  water — when  Sir  Humphry  Davy  quickly 
melted  pieces  of  ice  by  rubbing  them  against  each  other  in  a 
room  cooled  below  the  freezing  point,  &c.  These  facts,  and 
others,  seemed  to  square  well  with  their  assumption,  that  the 


410 


HEAT. 


phenomena  of  heat  indicate  undulatory  forms  of  motion  among 
ponderable  atoms  and  in  an  exceedingly  subtile  fluid  or  ether 
pervading  the  universe. 

“ The  change  of  Us  quaniUy  in  bodies  is  conveniently  estimated 
hy  the  concomitant  change  of  their  hulk,  any  substance 
so  circumstanced  as  to  alloiv  this  to  be  accurately  measured, 
serving  as  a thermometer.^' 

842.  If  we  heat  a wire  it  is  lengthened  ; if  we  heat  water  in 
a full  vessel,  a part  runs  over ; if  we  heat  air  in  a bladder,  the 
bladder  is  distended : in  a word,  if  we  heat  any  substance,  its 
volume  increases  in  some  proportion  to  the  increase  of  tem- 
perature,— and  the  increase  of  volume  may  be  measured.  The 
reason  why,  for  measurements  of  heat  generally,  a contrivance 
in  which  the  expansion  of  mercm’y  can  be  watched,  viz.  the 
mercurial  thermometer,  is  commonly  preferred  to  others,  wiU 
be  fully  understood  only  by  the  mind  which  has  considered 
farther  the  general  subject;  and  we  touch  upon  the  matter 
here,  only  to  state  that  a mercurial  thermometer  is  a small 
bulb  or  bottle  of  glass  filled  with  mercury,  and  having  a long 
very  naiTOW  stalk  or  neck,  in  which  the  mercury  rises  when 
expanded  by  heat,  and  falls  when  heat  is  withdi-awn.  The  stalk 
between  the  points  at  which  the  mercmy  stands  when  the  bulb 
is  placed  first  in  freezing  and  then  in  boiling  water,  is  divided 
into  a convenient  number  of  parts  called  degrees,  which  divi- 
sion appearing  on  a scale  applied  to  the  stalk,  is  continued 
similarly  above  and  below  these  points. 

“ Heat  diffuses  itself  among  neighbouring  bodies  until  all  have 
acquired  the  same  temperature;  that  is  to  say,  until  all 
will  similarly  affect  a thermometer.  (See  the  Analysis, 
page  406.) 

843.  An  iron  bolt  thrust  in  among  burning  coals  soon  be- 
comes red-hot  like  them.  If  it  be  the  heater  of  a tea-mm, 
it  will,  when  afterwards  placed  in  its  receptacle  amidst  the  water, 
give  part  of  its  lately  acquired  heat  to  the  water,  until  the 
Avater  boils.  Bofling  water,  again,  soon  imparts  heat  to  an  egg 
placed  in  it.  A feverish  head  yields  heat  to  a bag  of  cold  water 
or  of  ice  laid  upon  it. — A hundred  objects  enclosed  in  the  same 
apartment,  if  tested  after  a time  by  the  thermometer,  all  indi- 
cate the  same  temperature. 
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“ The  inferior  degrees  or  absence  of  heat  are  denoted  by  the 
term  cold.” 

844.  Wlien  the  hand  touches  a body  of  Idgher  temperature 
than  itself,  it  receives  heat  according  to  the  law  just  explained, 
and  it  experiences  a peculiar  sensation  called  that  of  warmth ; 
when  it  touches  a body  of  lower  temperature  than  itself,  it  gives 
out)  heat  for  a Kke  reason,  and  experiences  another  and  very 
different  sensation  called  that  of  coldness.  Now  warmth  and 
coldness,  considered  as  existing  in  the  bodies  themselves, 
although  thus  appearing  opposites,  mark  only  degrees  of  the 
same  object,  temperature,  contrasted  by  name  for  convenience, 
sake,  in  reference  to  the  ordinary  temperature  of  the  persons 
speaking  of  them — just  as  any  two  nearest  mile-stones  on  a 
road,  although  merely  marking  degrees  of  the  same  object, 
distance  from  a place,  might  receive  from  persons  living  between 
them  the  opposite  names  of  east  and  west,  or  of  north  and 
south.  It  is  to  be  remarked,  moreover,  that  the  sensation  of 
heat  is  producible  also  by  a body  colder  than  the  hand  in  its 
ordinary  state,  provided  the  body  be  less  cold  than  some  other 
body  touched  immediately  before,  or  than  the  usual  tempe- 
rature in  the  place  ; and  the  sensation  of  cold  is  producible 
under  the  opposite  circumstances  of  the  hand  touching  a com- 
paratively warm  body,  but  which  is  less  warm  than  something 
touched  just  before.  This  explains  the  fact  that  the  same  body 
may  at  the  same  time,  and  to  the  same  person,  appear  both  hot 
and  cold.  If  a person  transfer  one  hand  to  common  spring 
water  from  touching  ice,  that  hand  will  deem  the  water  very 
warm ; while  the  other  hand,  transferred  to  it  from  a warm 
bath,  will  deem  it  very  cold.  For  a like  reason,  a person  from 
India,  arriving  in  England  in  the  spring  time,  deems  the  air 
cold,  while  the  inhabitants  of  the  country  may  be  diminishing 
their  clothing  because  the  lieat  to  them  is  becoming  oppressive. 
Such  facts  show  how  necessary  it  was  for  men  to  find  more 
correct  thermometers  than  their  bodily  sensations. 

“ Spreading  partly  through  their  structure,  or  by  condiiction,  as 
it  is  called,  xoith  a progress  proper  to  each  substance” 
(Read  the  Analysis,  page  406.) 

845.  If  one  end  of  a rod  of  iron  be  held  in  the  fire,  a hand 
grasping  the  other  end  soon  feels  the  heat  coming  tlirough  it. 
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Through  a similar  rod  of  glass,  the  transmission  is  much  slower, 
and  through  one  of  wood  it  is  slower  still.  The  hand  Avould  be 
burned  by  the  iron  before  it  felt  warmth  in  the  wood,  although 
the  inner  end  of  the  wood  were  blazing. 

846.  On  the  fact  that  different  substances  are  permeable 
to  heat,  or  have  the  property  of  conducting  it,  in  different 
degrees,  depend  many  interesting  phenomena  in  nature  and  in 
the  arts ; hence  it  was  important  to  ascertain  the  degrees 
exactly,  and  to  classify  the  substances.  Various  methods  for 
tliis  purpose  have  been  adopted.  Thus  for  solids — similar  rods 
of  different  substances,  after  being  thinly  coated  Avith  wax, 
have  been  placed  with  their  ends  in  hot  oil,  and  then  the  com- 
parative distances  to  which  in  a given  time  the  wax  Avas  melted, 
furnished  one  set  of  indications  of  the  comparative  conducting 
powers : — or,  equal  masses  of  different  substances,  with  a 
central  cavity  in  each  containing  a thermometer,  being  heated 
to  the  same  degree,  and  then  plunged  into  the  same  bath  to 
cool  until  the  thermometer  fell  in  all  to  a given  point,  the 
differences  of  time  elapsed  gave  still  another  list. 

847.  These  and  other  experiments  have  shoAvn  as  a general 
rule,  that  density  in  a body  favours  the  passage  of  heat  through 
it.  The  best  conductors  are  the  metals,  and  then  foUoAV  in  suc- 
cession, diamond,  glass,  stones,  earths,  woods,  &c.,  as  here 
noted.  The  numbers  standing  after  the  names  mark  nearly 
the  comparative  conducting  powers  in  relation  to  gold  used  as 
a standard  and  called  10. 


Gold 

...  10 

Glass  and  Porcelain 

. . . 

Platinum  . . . 

...  91 

Fire-brick  . . . 

...  1 

Silver  .... 

...  9^ 

Woods  .... 

. . . 4 

Copper  .... 

...  9 

Water  and  Air,  ) 

almost  0 

Iron 

...  3f 

if  not  moving,  ) 

848.  Count  Rumford,  to  ascertain  the  relative  degrees  in  which 
furs,  feathers,  and  other  materials  used  for  clothing,  conduct 
heat,  or,  which  is  the  same  thing,  resist  its  passage,  adopted  this 
method.  He  covered  the  ball  and  stem  of  the  thermometer 
Avith  a certain  thickness  of  the  substance  to  be  tried,  by  placing 
it  within  a larger  bulb  and  stem  of  glass,  and  then  filling  the 
surrounding  interval  between  the  tAvo  Avith  the  substance ; and 
after  heating  this  apparatus  to  a given  degree  by  dipping  it  in 
liquid  of  the  desired  temperature,  he  surrounded  it  by  ice,  and 
marked  the  comparative  times  required  to  cool  the  thermometer 
a certain  number  of  degrees.  The  figures  folloAving  the  names 


SPREADING  .BY  CONDUCTION. 


413 


of  some  of  the  substances  in  the  subjoined  list,  mark  the  number 
of  seconds  required  respectively  for  cooling  down  the  so  placed 
thermometer  through  sixty  degi-ees  of  F ahrenheit. 


Sewing-silk 917 

Wood-ashes 927 

Charcoal 937 

Fine  lint 1,032 

Cotton 1,046 


Lamp-black  ....  1,117 


Wool 1,118 

Raw  silk 1,284 

Beavers’  fur 1,296 

Eider  down 1,305 

Hares’  fur 1,315 


849.  Air  stands  in  the  list.  Art.  847.  If  its  particles  are 
not  allowed  to  move  about  among  themselves,  so  as  to  carry 
heat  from  one  part  to  another,  it  conducts  (in  the  manner  of 
solids)  so  slowly  that  Count  Kumford  doubted  whether  it  con- 
ducted at  all.  It  is  probably  the  worst  conductor  known,  that  is, 
the  substance  which  when  at  rest  impedes  the  passage  of  heat 
the  most.  To  this  fact  seems  to  be  owing,  in  a considerable 
degree,  the  remarkable  non-conducting  quality  of  porous  or 
spongy  substances,  as  feathers,  loose  filamentous  matter,  powders, 
&c.,  which  have  much  air  in  their  structure,  often  adherent  with 
a force  which  immersion  in  water,  or  even  being  placed  in  the 
vacuum  of  an  air-pump,  can  scarcely  overcome. 

850.  While  contemplating  the  facts  set  forth  in  the  above 
table,  one  cannot  but  reflect  how  admirably  adapted  to  their 
purposes  the  substances  are  wliich  nature  furnishes  as  clothing 
for  the  inferior  animals ; — and  which  man  afterwards  accommo- 
dates with  such  curious  art  to  his  peculiar  wants.  These  animals 
required  to  be  protected  against  the  chills  of  night  and  the 
keen  blasts  of  winter ; and  some  of  them  which  dwell  among 
enduring  ice,  could  not  have  lived  at  all,  but  for  a garment 
which  should  shut  up  within  them  nearly  all  the  heat  which  their 
vital  functions  produced.  Now  any  covering  of  a metallic  or 
even  a woody  nature,  would  have  been  far  from  sufficing ; but 
out  of  a chemical  union  of  carbon  with  the  soft  ingredients  of 
the  atmosphere,  those  beautiful  textures  are  produced  called 
fur  and  feather,  so  greatly  adorning  while  they  perfectly  protect 
the  wearers : — textures,  moreover,  which  grow  from  the  bodies 
of  the  animals,  in  quantity  exactly  suiting  the  climate  and 
season,  and  are  reproduced  when  by  use  or  wear  they  become  too 
thin.  In  warm  climates  the  hairy  coat  of  quadrupeds  is  com- 
paratively thin;  as  of  the  elephant,  the  monkey,  the  tropical 
sheep,  &c.  It  is  seen  to  thicken  as  the  temperature  is  lowei’, 
furnishing  the  abundant  fleeces  of  the  temperate  zones ; and 
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towards  the  poles  it  is  externally  shaggy  and  coarse,  and 
internally  shorter  and  tine,  as  in  the  arctic  bear,  &c.  In 
amphibious  animals,  which  have  to  resist  the  cold  of  water  as 
well  as  of  ah’,  the  fur  acquires  a peculiar  character,  as  in  the 
otter  and  beaver.  Birds,  from  having  very  warm  blood,  required 
plenteous  covering,  but  required  also  to  have  a smooth  surface, 
that  they  might  pass  easily  through  the  air ; — both  objects 
are  secured  by  the  marvellous  structure  and  arrangement  of 
feathers.  F eathers,  like  fur,  appear  in  kind  and  quantity  suited 
to  particular  climates  and  seasons.  The  buds  of  cold  regions 
have  plumage  almost  as  bulky  as  their  bodies ; and  those  of  them 
which  live  much  in  the  water  have,  additionally,  both  a defence 
of  oil  on  the  surface  of  the  feathers,  and  the  interstices  of  the 
Ordinary  plumage  filled  up  by  the  still  more  delicate  structure 
called  down,  particularly  on  the  breast,  which  in  swimming  first 
meets  and  divides  the  cold  wave.  There  are  animals  with 
warm  blood  which  yet  live  immersed  in  water,  as  the  whale, 
seal,  walrus,  &c. ; — and  neither  hair  nor  feathers,  however 
oiled,  would  have  been  a fit  covering  for  them ; but  they  are 
furnished  with  an  equal  protection  in  the  vast  mass  of  fat  or 
blubber  which  surrounds  their  bodies,  which  is  another  substance, 
it  may  be  remarked,  scarcely  less  useful  to  man  than  the  furs 
and  feathers  of  land  animals. 

"While  speaking  of  clothing,  we  may  observe  that  the  bark  of 
trees  is  also  a structure  slowly  permeable  to  heat,  and  guaKling, 
therefore,  the  temperature  necessary  to  them  vegetable  life. 

851.  And  while  we  admire  what  is  done  for  animals  and 
vegetables,  let  us  think  of  the  important  protection  of  snow 
and  ice,  as  winter  clotliing  for  the  fields  and  gardens,  for  the 
lakes  and  rivers.  Ice,  as  a protection  to  water  and  its  inhabit- 
ants, was  considered  at  page  201  in  the  explanation  of  why, 
although  solid,  it  swims  on  water.  "VYe  have  now  to  remark 
that  snow,  which  may  be  called  the  pure  white  fleece  of  the 
earth  is  a structure  which  resists  the  passage  of  heat  nearly  as 
much  as  feathers.  Snow,  of  course,  has  to  defend  only  from 
colds  below  32°  or  the  freezing  point;  but  it  does  that  most 
effectually,  preserving  the  roots  and  seeds  and  tender  plants 
during  the  severity  of  winter.  When  the  green  blade  of  wheat 
and  the  beautiful  suow-dro23  aj)pear  in  spring  rising  through  the 
melting  snow,  they  have  recently  owed  an  imijortant  slielter  to 
their  wintry  mantle.  Under  deej)  snow,  while  the  thermometer 
in  the  air  may  be  far  below  zero,  the  temperature  of  the  ground 
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rarely  remains  below  tbe  freezing  point ; and  this  temperature, 
to  persons  who  have  to  bear  sharper  cold  in  the  outer  air,  is 
mild  and  even  agreeable.  It  is  much  higher  than  what  often 
prevails  for  long  periods  in  the  atmosphere  of  the  north  of 
continental  Europe.  The  Laplander,  who  during  his  winter  lives 
chiefly  under  gi-ound,  is  glad  to  have  additionally  overhead  a thick 
covering  of  snow.  Among  the  hills  of  the  north  and  west,  even 
of  Britain,  during  the  storms  of  winter,  a covering  or  shelter 
formed  of  snow  frequently  preserves  the  lives  of  travellers,  and 
even  of  whole  floclcs  of  sheep,  where  the  keen  north  wind  finding 
them  unprotected,  would  soon  extinguish  life. 

852.  It  is  because  earth  conducts  heat  slowly,  that  the  intense 
frosts  of  winter  and  the  direct  sunbeams  of  summer  penetrate 
but  a short  way  into  it.  The  temperature  of  the  ground,  a few 
feet  below  its  surface,  is  nearly  the  same  all  the  year  round. 
At  the  depth  of  100  feet,  the  temperature  of  the  earth  shows 
everywhere  the  average  temperature  of  the  climate,  differing,  of 
course,  with  the  latitude.  In  England,  it  is  52°  ; at  G-rand  Cairo, 
70°.  In  deep  mines  the  thermometer  does  not  vary  one  degree 
in  a twelvemonth.  In  a cellar,  at  a depth  of  80  feet,  under  the 
Astronomical  Observatory  of  Paris,  a thermometer  placed  has 
not  varied  half  a degree  during  200  years. — Thus  also,  water  in 
pipes  which  are  laid  two  or  three  feet  under  ground,  as  in  the 
streets  of  cities,  does  not  freeze,  although  it  may  be  frozen  in  all 
the  smaller  branches  exposed  above.  Hence,  again,  springs  of 
water  do  not  freeze,  and  therefore  often  become  remarkable 
features  in  a snow-covered  country  ; the  living  water,  after 
issuing  from  the  bowels  of  the  earth,  is  seen  running  a consider- 
able way  through  fringes  of  green,  before  the  frost  can  arrest  it ; 
and  around  the  stream,  as  is  well  known  to  sportsmen,  the 
snipe  and  wild  duck  and  other  birds  are  wont  to  congregate. 
A spring  at  the  bottom  of  a frozen  pond  or  lake  may  cause  the 
ice  to  be  so  thin  over  it,  that  a skater  arriving  there  may  break 
through.  The  same  spring  water  which  appears  warm  in  winter, 
is  deemed  cold  in  summer,  although  always  of  the  same  heat,  be- 
cause in  summer  it  is  compared  with  the  warmer  atmosphere  and 
objects.  In  proportion  as  buildings  are  massive,  they  acquire 
more  of  the  quality  of  uniform  temperature  here  spoken  of. 
Many  of  the  Gothic  halls  and  cathedrals  are  called  cool  in  summer 
and  warm  in  winter — as  are  also  old-fashioned  houses  or  castles 
with  thick  walls  and  deep  cellars.  Natural  caves  in  the  mountains 
or  the  sea-shores  furnish  other  examples  of  the  same  kind. 
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853.  When  in  the  arts  it  is  desired  to  prevent  the  passage  of 
heat  out  of  or  into  any  body  or  situation,  a covering  of  a slow 
conducting  substance  is  employed.  Thus,  to  prevent  waste  of 
heat  from  a smelting  or  other  furnace,  it  is  lined  with  fire- 
bricks, and  thickly  covered  with  a kindred  material.  A furnace 
so  guarded  may  be  touched  by  the  hand  with  impunity,  even 
while  having  within  it  melted  iron.  To  prevent,  during  the 
winter,  the  freezing  of  water  in  pipes,  by  which  occurrence  the 
pipes  would  be  burst,  it  is  common  to  cover  them  with  straw- 
bands  or  coarse  flannel,  or  to  enclose  each  in  a larger  outer 
pipe,  the  interval  between  the  two  being  filled  up  with  dry 
charcoal,  or  sawdust,  or  chaff.  If  a pipe,  on  the  contrary,  be  for 
the  conveyance  of  steam  or  other  warm  fluid,  the  heat  in  it  is 
retained,  and  therefore  saved  by  the  very  same  means.  Ice- 
houses are  generally  made  with  double  walls,  between  which 
dry  straw  is  placed,  or  sawdust,  or  air,  to  prevent  the  passage  of 
heat.  Pails  for  carrying  ice  in  summer,  or  intended  to  serve  as 
wine-coolers,  are  guarded  on  the  same  principle.  A flannel 
covering  keeps  a man  warm  in  winter — it  is  also  powerful  to 
keep  ice  from  melting  in  summer.  Urns  for  hot  water,  tea-pots, 
coffee-pots,  &c.,  are  made  with  wooden  or  ivory  handles,  because, 
if  metal  were  used,  it  would  conduct  the  heat  so  readily  that  the 
hand  could  not  bear  to  touch  them. 

854.  It  is  because  glass  and  earthenware,  which  are  brittle, 
do  not  allow  a ready  passage  to  heat,  that  vessels  made  of  such 
material  are  so  frequently  broken  by  sudden  change  of  tempera- 
ture. On  pouring  boiling  water  into  such  a vessel,  the  internal 
part  is  much  heated  and  expanded  (as  wa’ll  be  explained  more 
fully  in  a subsequent  page)  before  the  external  part  has  felt  the 
influence,  and  the  latter  is  hence  riven  or  cracked  by  its  con- 
nection with  the  other.  A chimney  mirror  is  often  cracked  by 
a lamp  or  candle  placed  on,  the  marble  shelf  too  near  it.  The 
glass  cylinder  of  an  electrical  machine  will  sometimes  be  broken 
by  placing  it  so  near  the  fire,  that  one  side  is  heated  while  the 
other  side,  receiving  a current  of  air  approaching  the  fire  from 
a door  or  window,  remains  cold.  A red-hot  rod  of  iron  drawn 
along  a pane  of  glass  will  divide  it  almost  like  a diamond  knife. 
Even  cast  iron,  as  in  backs  of  grates,  iron  pots,  &c.,  although 
conducting  more  readily  than  glass,  is  often,  owing  to  its  brittle- 
ness, cracked  by  unequal  heating  or  cooling,  as  from  pouring 
cold  water  on  it  w'hen  hot.  Pouring  cold  water  into  a heated 
glass  or  boiling  water  into  a cold  glass  ulll  produce  a similar 
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effect.  Hence  glass  vessels  intended  to  be  exposed  to  strong 
heats  and  sudden  changes,  as  retorts  for  distillation,  flasks  for 
boiling  liquids,  &c.,  are  made  thin,  that  the  heat  may  pervade 
the  whole  substance  almost  instantly  and  therefore  safely. 

There  is  a toy  called  a Prince  Buperfs  Drop)  (a  pear-shaped 
lump  of  glass  with  a slender  stalk),  which  well  illustrates  our 
]3resent  subject.  To  make  it,  the  glass,  while  in  a state  of  fusion 
or  softness,  is  let  fall  into  water,  and  is  thereby  suddenly  cooled 
and  solidified  on  the  outside  before  the  internal  part  is  changed ; 
then  as  the  internal  part  at  last  hardens  and  would  contract,  it 
is  kept  unnaturally  extended  by  the  arch  of  external  crust,  to 
which  it  coheres.  If  a portion  of  the  neck  of  the  lump  be  after- 
wards broken  off,  or  if  any  violence  be  done  which  jars  its  sub- 
stance, the  strained  cohesion  is  destroyed,  and  the  whole  mass 
crumbles  to  dust  with  a kind  of  explosion.  Any  glass,  if  cooled 
suddenly  when  first  made,  remains  very  brittle,  for  the  reason 
now  explained.  "NATiat  is  called  the  Bologna  jar  is  a very  thick 
small  bottle,  so  prepared,  which  bursts  when  a grain  of  sand  is 
let  fall  into  it.  The  process  of  annealing,  to  render  glass-ware 
more  tough  and  durable,  is  merely  the  allowing  it  to  cool  very 
slowly  in  an  oven,  so  that  the  whole  may  become  solid  nearly 
at  the  same  time.  The  tempering  of  metals  by  sudden  cooling 
is  a process  having  some  relation  to  that  now  described. 

855.  It  is  the  difference  of  conducting  power  in  bodies  which 
is  the  cause  of  a very  common  error  made  by  persons  in  esti- 
mating the  temperature  of  bodies  by  the  touch.  In  a room 
without  a fire  all  the  articles  of  furniture  soon  acquire  the  same 
temperature  ; but  if  in  winter,  a person  move  a bare  foot  from 
the  carpet  to  the  wooden  floor,  from  this  to  the  hearth-stone, 
and  from  the  stone  to  the  steel  fender,  his  sensation  deems  each 
of  these  objects  in  succession  colder  than  the  preceding ; — the 
truth  being,  that  although  all  have  the  same  temjDerature,  only 
a temperature  inferior  to  that  of  the  living  body,  the  best  con- 
ductor, when  in  contact  with  the  body,  from  carrying  off  heat 
the  fastest,  is  deemed  the  coldest.  Were  a similar  experiment 
made  in  a hot-house,  or  in  India,  while  the  temperature  of  every- 
thing around  were  98°,  or  that  of  the  lining  body,  then  not  the 
slightest  difference  would  be  felt  in  any  of  the  substances.  Or, 
lastly,  were  the  experiment  made  in  a room  where  by  any  means 
the  general  temperature  were  raised  considerably  above  blood- 
heat,  then  the  carpet  would  be  deemed  considerably  the  coolest 
instead  of  the  warmest,  and  the  other  things  would  appear  hotter 
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iu  the  same  order  in  which  they  appeared  colder  in  the  winter 
room.  Were  a bmich  of  wool  and  a piece  of  iron  exposed  to 
the  severest  cold  of  Siberia,  or  of  an  artificial  frigorific  mixture, 
a man  might  touch  the  first  with  impunity  (it  would  merely  bo 
felt  as  rather  cold) ; but  if  he  grasped  the  second,  his  hand  would 
bo  severely  frost-bitten  : were  the  two  substances,  on  the  con- 
trary, transferred  to  an  oven,  and  heated  as  far  as  the  wool 
would  bear,  he  might  again  touch  the  wool  with  impunity  (it 
would  then  be  felt  as  rather  hot),  but  the  iron  would  burn  his 
flesh.  The  author  of  this  work  once  entered  a place  where  there 
was  no  Are,  but  where  the  temperature  from  hot  air  admitted 
was  sufficiently  high  to  boil  the  fish,  &c.,  of  which,  in  another 
room,  he  afterwards  partook  at  dinner;  and  he  breathed  the  hot 
air  without  uneasiness.  He  could  bear  to  toueh  -woollen  cloth 
in  the  hot  room,  but  no  substance  more  solid. 

S56.  The  foregoing  considerations  make  manifest  the  vulgar 
error  of  supposing  that  there  is  a positive  warmth  in  the  materials 
of  elothing.  The  thick  cloak  which  guards  a Spaniard  against 
the  cold  of  winter,  is  also  iu  summer  used  by  him  as  protection 
against  the  direct  rays  of  the  sun : — and  while  in  England  flannel 
is  our  warmest  article  of  winter  dress,  yet  we  cannot  more  effec- 
tually preserve  ice  in  summer  than  by  wrapping  the  vessel  con- 
taining it  in  many  folds  of  softest  flannel. 

857.  In  every  case  where  a substance  of  lower  temperature 
than  the  living  body  touches  it,  a thin  surface  of  the  substance 
immediately  in  contact  shares  the  heat  of  the  bodily  part 
touched — the  hand  generally ; and  while  in  a good  conductor, 
the  heat  so  received  quickly  passes  inwards  or  away  from  the 
surface,  leaving  this  in  a state  to  absorb  more,  in  the  tardy  con- 
ductor the  heat  first  received  tarries  at  the  surface,  which  conse- 
quently soon  acquires  nearly  the  same  tem]3erature  as  the  hand, 
and,  therefore,  however  cold  the  interior  of  the  substance  may 
be,  it  does  not  cause  strong  sensation  of  cold.  The  hand  on  a good 
conductor  has  to  warm  it  deeply,  on  a slow  conductor  to  warm 
only  superficially.  The  following  cases  farther  illustrate  the 
same  principle  : If  the  ends  of  an  u-on  poker,  and  of  a piece  of 
wood  of  the  same  size,  be  wrapped  in  paper  and  then  thrust  into 
a lire,  the  paper  on  the  wood  will  begin  to  burn  immediately, 
while  that  on  the  metal  will  long  resist : — or  if  pieces  of  paper 
be  laid  separately  on  a wooden  plank  and  on  a plate  of  steel, 
and  then  a burning  coal  be  placed  on  each,  the  paper  on  the 
wood  will  begin  to  burn  long  before  that  on  the  plate.  The 
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explanation  is,  that  the  paper  in  contact  with  the  good  conduc- 
tor loses  to  the  conductor  so  rapidly  the  heat  received  from  the 
coal,  that  it  remains  at  too  low  a temperature  to  inflame,  and 
will  even  cool  to  blackness  the  touching  part  of  the  coal ; while 
on  the  tardy  conductor  the  paper  becomes  almost  immediately 
as  hot  as  the  coal,  and  burns.  It  is  because  water'  open  to  the 
atmosphere  cannot  be  heated  beyond  212°,  that  it  may  be  made 
to  boil  in  an  egg-shell  or  a vessel  made  of  paper,  held  over  a 
lamp,  without  the  containing  substance  being  destroyed ; but  as 
soon  as  it  is  dried  up,  the  paper  will  burn  and  the  shell  will  be 
calcined : — the  solder  of  a common  tinned  kettle  melts  under 
the  same  circumstances. 

858.  The  reason  may  here  be  readily  comprehended  why  a 
person  suffering  what  is  called  a cold  in  the  head,  or  catarrh 
from  the  eyes  and  nose,  experiences  so  much  more  relief  from 
applpng  to  the  face  a handlverchief  of  linen  or  cambric  than  one 
of  cotton  : — it  is,  that  the  former  by  conducting  readily  absorbs 
the  heat  and  diminishes  the  inflammation,  while  the  latter,  by 
refusing  to  give  passage  to  the  heat,  increases  the  temperature 
and  the  distress.  Popular  prejudice  once  held  that  there  was  a 
poison  in  cotton. 

“ Heat  spreads  in  fluids  chiefly  hy  the  motion  of  their  particles” 
(Read  the  analysis,  page  406.) 

859.  The  reason  why  the  hand  judges  a cold  liquid  to  be  so 
much  colder  than  a solid  of  the  same  temperature  is,  that  from 
the  mobility  of  the  liquid  particles  among  themselves,  those  in 
contact  with  the  hand  are  constantly  changing.  The  impression 
produced  on  the  hand  by  very  cold  mercury  is  almost  insufferable, 
because  mercury  is  both  a ready  conductor  and  a liquid.  Again, 
if  a finger  held  motionless  in  water  feel  cold,  it  will  feel  colder 
still  when  moved  about : and  a man  in  the  air  of  a calm  fi’osty 
morning  does  not  experience  a sensation  nearly  so  sharp  as  if  with 
the  same  temperature  there  be  wind.  A finger  held  up  in  the  wind 
discovers  the  direction  in  which  the  wind  blows  by  the  greater 
cold  felt  on  the  windward  side  where  the  shifting  of  particles  is 
greatest,  the  effect  being  still  more  remarkable,  if  the  finger  be 
wetted.  If  a person  in  a room  with  a thermometer,  were  witli 
a fan  or  bellows  to  blow  the  air  against  it,  he  would  not  thereby 
lower  it,  because  it  had  already  the  same  temperature  as  the  air, 
yet  the  air  blown  against  his  own  body  would  appear  colder 
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than  when  at  rest,  because,  beuig  colder  than  his  body,  the 
motion  would  supply  heat-absorbing  particles  more  quickly.  In 
like  manner,  if  a fan  or  bellows  were  used  against  a thermometer 
hanging  in  a furnace  or  hot-house,  the  thermometer  would  suffer 
no  change,  but  the  air  moved  there  against  a person  would  be 
distressingly  hot,  like  the  blasting  sirocco  of  the  sandy  deserts 
of  Africa.  If  two  similar  pieces  of  ice  be  placed  in  a room 
somewhat  warmer  than  ice,  one  of  them  may  be  made  to  melt 
much  sooner  than  the  other,  by  blowing  on  it  with  a bellows  ; — 
as  we  see  the  accumulated  ice  and  snows  of  winter  so  rapidly 
melting  when  the  warm  south  winds  of  spring  begin  to  blow  upon 
them. 

860.  Owing  to  the  mobility  among  themselves  of  fluid 
particles,  heat  entering  a fluid  anywhere  below  the  surface,  by 
dilating  and  rendering  specifically  lighter  the  portion  heated, 
allows  the  denser  fluid  around  to  sink  down  and  force  up  the 
rarer ; and  the  continued  currents  so  established,  diffuse  the 
heat  through  the  mass  much  more  quickly  than  heat  spreads 
by  conduction  in  any  solid. 

861.  Perhaps  the  best  experimental  illustration  of  the  subject 
is  obtained  by  placing  a tall  glass  jar,  filled  with  water  in  which 
small  pieces  of  amber  or  other  light  substance  are  diffused  to 
show  its  movements,  first  in  a warm  bath,  and  then  in  a cold 
bath.  In  the  first  case,  the  water  and  amber  near  the  outside 
of  the  jar  where  they  are  heated,  will  exhibit  a rapid  upward 
current,  while  in  the  centre  of  the  jar  they  will  form  an  opposite 
or  downward  current.  In  the  second  case,  or  when  the  jar  is 
placed  in  a cold  bath,  the  direction  of  the  currents  will  be  reversed. 

862.  Count  Eumford’s  experiments  led  him  at  first  to  conclude 
that  liquids,  but  for  this  carrying  process  of  the  particles 
changing  their  place,  were  absolutely  impassible  to  heat.  A 
piece  of  ice  may  be  held  long  unaffected  at  the  bottom  of  water 
which  is  made  to  boil  at  the  top  by  the  contact  of  any  hot  body, 
or  by  alcohol  poured  out  upon  it  and  set  fire  to. 

863.  The  internal  currents  or  circulation  produced  by  heat  in 
fluid  masses,  and  of  which  there  are  so  many  important  instances 
in  nature,  were  fitly  explained  in  the  chapter  on  hydrostatics  and 
fneumatics.  The  reader  may  here  review  the  articles  505,  and 
665  to  670,  on  winds  and  other  atmospheric  phenomena,  and  on 
sea  currents,  &c. 

864.  As  stated  in  a preceding  chapter,  it  is  the  heating  and 
dilatation  of  the  fluid  air  over  a tropical  island  while  acted  upon 
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during  the  middle  of  the  day  by  the  powerful  rays  of  the  sun, 
which  allow  the  colder  and  heayier  air  from  the  face  of  the 
ocean  around  to  press  inwards  upon  it,  and  force  it  upwards  in 
tlie  atmosphere — the  cold  cun-ent  forming  tlie  delightful  sea- 
breeze  of  the  climate.  And  it  is  such  general  heating  of  the 
air  over  the  whole  equatorial  belt  of  the  earth,  which,  rendering 
it  specifically  lighter  than  the  air  nearer  the  poles,  allows  this 
to  assume  the  form  of  cool  trade-winds,  constantly  blowing 
towards  the  sun’s  path,  and  pressing  upwards  the  hot  air,  which 
then  spreads  away  on  the  top  of  the  atmosphere  towards  the 
poles  to  mitigate  the  severity  of  the  northern  and  southern  cold. 
In  the  watery  ocean  also  there  is  a circulatory  motion  of  the  same 
kind,  although  less  in  degree,  tending  to  distribute  heat,  and 
equalize  temperatiu’e,  and  contributing  to  produce  some  of  the 
great  sea  cxu-rents  known  to  mariners. 

865.  The  vertical  currents  produced  by  heat  and  cold  in  the 
ocean,  and  in  great  masses  of  water  generally,  maintain  in  and 
over  them  a comparatively  uniform  temperate  freshness,  while  the 
rocks  and  soil  on  the  shores  around  may  be  either  parched  under 
a burning  sun,  or  bound  up  in  frost.  A keen  frost  chills,  and 
soon  hardens  in  icy  grasp  the  surface  of  the  ground ; but  of 
water  similarly  exposed,  the  part  first  cooled  descends  to  the 
bottom  by  its  increased  density,  and  forces  up  warmer  water  to 
take  its  place  and  to  diffuse  heat : this  in  its  turn  is  cooled  and 
descends,  and  a continued  circulation  is  established,  so  that  the 
suxTace  cannot  become  ice  until  the  whole  mass,  of  whatever 
depth,  has  been  cooled  down  to  considerable  density.  Hence 
the  very  deep  sea  is  not  frozen  even  in  the  coldest  climates  ; and 
in  temperate  climates  the  severest  winter  freezes  only  super- 
ficially lakes  of  ordinary  depth.  During  this  intestine  move- 
ment in  the  water,  that  which  ascends  to  the  surface  to  be 
cooled,  by  losing  one  degree  of  its  heat,  warms  more  than  500 
times  its  bulk  of  air  one  degree,  and  thus  tempers  remarkably 
the  air  passing  over  it.  Hence  places  in  the  vicinity  of  the  sea 
and  of  lakes  are  warmer  in  winter  than  places  farther  inland, 
although  nearer  to  the  equator.  England  is  much  warmer  in 
winter  than  central  Germany,  which  lies  soxxth  of  England  ; and 
the  coasts  of  Scotland  and  the  north  of  Ireland  may  be  warmer 
than  London : — snow  never  lies  long  xqxon  these  coasts.  As  con- 
tinental or  inland  countries  have  thus  in  winter  an  extreme  of 
cold,  so  have  ^they  in  summer  an  extreme  of  heat.  Water 
admits  the  rays  of  the  sxxn,  and  absorbs  the  heat  into  the  thick- 
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ness  of  its  mass,  and  therefore  is  warmed  very  slowly ; but  the 
dry  earth,  because  a slow  conductor,  retains  all  the  heat  near  its 
surface,  and  is  therefore  soon  heated  to  excess. 

866.  The  ordinary  ventilation  of  our  dwellings  and  places  of 
assembly  is  owing  to  the  motion  produced  by  the  changed 
specific  gravity  of  air  when  heated.  The  air  which  is  within  the 
house,  owing  to  fires,  the  respiration  of  inmates,  &c.,  becomes 
warmer  than  the  external  air,  and  the  latter  then  presses  in  at 
every  opening  or  crevice,  to  displace  or  force  up  the  other.* 
The  ventilation  of  the  person  by  the  slow  passage  of  air  through 
the  texture  of  our  clothing  is  a phenomenon  of  the  same  kind ; 
and  thicker  clothmg  keeps  warm  chiefly  by  diminishing  the 
rapidity  of  this  passage.  Hence  an  oiled-silk  or  other  air-tight 
covering  laid  on  a bed,  has  greater  influence  in  preserving 
warmth  than  one  or  two  additional  blankets,  and  is  not  generally 
used,  only  because  it  prevents  ventilation,  and,  by  shutting  in 
the  insensible  perspiration,  soon  produces  dampness.  From  the 
part  of  the  bed-clothes  immediately  over  the  person  there  is  a 
constant  outward  oozing  of  warm  air,  and  there  is  an  oozing 
inward  of  cold  air  in  lower  situations  around.  ...  In  some 
persons  the  circulation  of  the  blood  is  so  feeble,  that  in  winter 
they  have  difficulty  in  keeping  theii’  feet  warm,  even  in  bed, 
unless  with  the  assistance  of  bottles  of  hot  water  placed  there 
or  some  like  means,  and,  in  consequence,  they  often  pass  sleep- 
less nights,  and  suffer  in  their  general  health.  In  some  such 
cases,  a long  flexible  tube  may  be  used,  made  of  spiral  wire 
covered  with  leather  or  cloth,  by  which  a person  can  send  down 
to  his  feet  his  hot  breath,  and  thus  supply  to  them  effectually  a 
natural  animal  warmth,  as  in  a cold  day  he  does  to  his  hands  by 
blowing  upon  them  through  his  gloves. 

867.  The  power  of  fluids  to  diffuse  heat  being  due  thus  to 
their  power  of  carrying,  and  not  of  conducting  it,  the  consequence 
should  follow,  that  any  circumstance  which  imj^edes  the  internal 
motion  of  the  fluid  particles,  should  diminish  the  diffusing  power. 
Accordingly  we  find  that  fluids  in  general  transfer  heat  less 
readily  in  proportion  as  they  are  more  viscid.  Water,  for 
instance,  transfers  less  quickly  than  spirits;  oil  than  water; 
molasses  or  syrup  than  oil:  and  water  thickened  by  starch 
dissolved  in  it,  or  which  has  its  internal  motion  impeded  by 
feathers  or  thread  immersed  in  it,  much  less  quickly  than  where 
it  is  pure  and  at  liberty.  Cooling  being  merely  a motion  the 

* See  Articles  653 — 663. 
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reverse  of  Iieating,  it  is  influenced  by  the  same  law.  Hence  tlie 
reason  wdiy  tliick  soups,  pies,  puddings,  and  all  semifluid  masses, 
retain  their  heat  so  long — so  much  longer  than  equal  bulks  of 
water.  The  same  law  affords  explanation  of  the  facts,  that  veiy 
porous  masses  and  powders,  as  charcoal,  metal  filings,  sawdust, 
sand,  &c.,  conduct  heat  more  slowly  than  denser  masses, — then- 
interstices  being  filled  Avith  air,  Avhich  scarcely  conducts  heat 
and  which,  by  the  structure  of  the  substance,  has  no  freedom 
of  motion  or  circulation  by  Avluch  it  might  carry  the  heat. 

The  Meat  Transferrer. 

868.  In  reflecting  upon  the  fact  that  heat  is  diffused  in  masses 
of  fluid,  not  by  simple  conduction,  as  in  solid  bodies,  but  cliiefly 
by  motions  or  currents  among  the  particles,  produced  as  above 
described,  by  changed  specific  gravity,  and  knowing  that  two 
equal  measures  of  water  having  different  temperatures,  when 
completely  mixed  become  a double  quantity  of  an 
exactly  intermediate  temperature,  the  present  writer 
perceived  the  possibility  (Art.  507)  of  causing  equal 
quantities  of  boiling  and  freezing  water  to  run  past 
each  other,  in  perfectly  distinct  although  touching 
channels,  in  such  a manner,  that  instead  of  the  two 
becoming  of  the  same  middle  temperature,  the 
lately  boding  should  become  nearly  freezing,  and 
the  lately  freezing  nearly  boiling.  It  seemed  strange 
that  this  easy  operation  wns  not  in  common  use  and 
employed  for  many  important  purposes.  But  it  was 
not  unnatural  for  persons  to  think  that  when  a 
measure  of  hot  water  had  given  up  half  its  heat  to 
an  equal  measure  of  cold,  and  had  thereby  rendered 
that  as  w'arm  as  itself,  no  fai-ther  change  could  occur. 

At  first  one  might  not  think  of  the  consequences  of 
making  the  cui-rents  run  in  contrary  directions  and 
in  vertical  channels.  The  adjoining  engravings  will 
explain  the  new  process. 

Let  II  K,  Fig.  1,  be  a long  tube  formed  of  very 
thin  metal,  with  a funnel  H at  the  top,  into  which 
boiling  water  can  be  poured,  to  issue  again  below 
througli  the  regulating  cock  K.  Let  B G be  a 
larger  tube  surrounding  the  other,  and  just  so  much 
larger  as  to  allow  an  equal  current  of  nearly  freez- 
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Fig.  2. 


ing  water  coming  from  the  funnel  C,  by  the  tube  C G,  to  enter 
below  at  G,  and  to  rise  around  the  smaller  tube  to  be  discharged 
through  the  cock  E.  Evidently  then,  if  the  tubes  be  of  sufficient 
length,  the  lately  boiling  water  descending  in  the  internal  tube 
H K must  be  losing  every  instant,  and  at  every  point  in  its 
course,  part  of  its  heat,  to  the  colder  ascending  cuiTent  around 
it,  until  it  has  lost  the  whole  of  its  excess,  which  being  all  gained 
by  the  equal  ascending  current,  the  transference  becomes  com- 
plete. It  might  at  first  be  supposed  that  great  length  of  tubes 

would  be  required  in  the  experi- 
ment; but  in  truth  a length  of 
about  one  yard  suffices  to  prove 
conclusively  the  efficacy  of  the 
arrangement. 

fFig.  2 is  only  a more  capacious 

repetition  of  Eig.  1.  In  it,  the 
channel  of  the  descending  hot 
water,  instead  of  being  a single 
cylindrical  tube  of  narrow  surface, 
through  wliich  the  heat  has  to  pass 
from  one  fiuid  to  the  other,  has  a 
very  extensive  surface  compressed 
into  small  bulk  by  being  corru- 
gated or  folded  longitudinally 
upon  itself.  It  so  forms  many 
thin  flat  channels  in  which  the  hot 
fluid  descends,  while  the  rising 
colder  fluid  occupies  similar  flat 
spaces  between  these ; and  no 
particles  of  the  hot  fluid  can  avoid 
being  always  close  to  passing  par- 
ticles of  the  colder. 

section  of  the  parallel  columns  as  viewed  from 
above.  The  dark  spaces  mark  the  hot  liquid 
descending,  the  light  spaces  the  colder  liquid 
rising.  In  the  larger  apparatus,  the  water 
which  has  been  cooled  is  caused  to  rise  from 
the  bottom  in  the  tube  1 D,  to  be  discharged 
conveniently  at  D nearly  at  the  level  of  the 
other  inlets  and  outlets. 

Mr.  Griffin,  of  No.  119  Bunhill  Kow,E.C.,  London,  the  skilful 
manufacturer  of  Chemical  and  Philosophical  Apparatus,  prepares 
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working  models  of  this  Heat  Transferrer,  by  having  one  of  which 
a student  planning  any  useful  application  of  the  principle  may 
familiarise  himself  with  the  management. 

869.  Among  the  purposes  Avhich  the  Heat  Transferrer  may 
serve,  are  the  folloAving : 

1.  Cooling  at  once  the  hot  wort  of  Brewers,  instead  of  having 
to  pump  it  up  as  of  old,  to  spread  on  wide  expanded  cooling 
floors,  where  it  loses  aroma,  and  may  sutler  other  damage. 

2.  To  lessen  the  expense  of  warm-bathing  establishments,  and 
of  public  wash-houses. 

3.  To  facilitate  in  winter  the  complete  warm  ventilation  of 
dwellings,  churches,  manufactories,  halls  of  assembly,  &c.,  with- 
out danger  of  cold  draught,  and  with  small  expense  of  fuel.  The 
transfer  of  heat  takes  places  between  cm’rents  of  air  as  it  does 
from  liquid  to  liquid. 

4 To  allow  the  formation  of  a perfect  breath-warmer,  import- 
ant to  persons  of  dehcate  health,  in  cold  weather. 

5.  To  utilize  the  warmth  of  smoke  in  various  ways. 

Engineers  having  familiarity  with  the  principle  may  suggest 
many  forms  and  applications. 


“ Eeat  spreads  also,  partly,  by  being  radiated  or  shot  like  light, 
from  one  body  to  another,  through  transparent  media  or 
space,  ivith  readiness  affected  by  the  material  and  the  state 
of  the  giving  and  receiving  surfaces”  (Bead  the  Ana- 
lysis, page  406.) 

870.  If  a heated  ball  of  metal  be  suspended  in  the  air,  a hand 
brought  in  any  direction  near  to  it  Avill  experience  the  sensation 
of  heat ; and  beneath  it  the  sensation  would  be  as  strong  as  on 
the  sides,  but  that  the  heat  has  to  meet  a current  of  cool  air 
approaching  from  below,  to  rise  from  it,  as  explained  in  a pre- 
ceding section.  A delicate  thermometer  substituted  for  the 
hand  wiU  equally  detect  the  spreading  heat,  and  if  held  at  differ- 
ent distances,  will  prove  it  to  diminish  in  the  same  ratio  as  light 
diminishes  in  spreading  from  any  luminous  centre,  viz.,  to  be  only 
a fourth  part  as  intense  at  a double  distance,  and  in  a correspond- 
ing proportion  for  other  distances.  If  the  heated  body  be  en- 
closed in  a vacuum,  a thennometer  placed  near  it  will  still  be 
affected  in  the  same  manner.  If  a screen  be  interposed  between 
the  body  and  the  thermometer,  the  latter  will  not  be  affected  at 
all,  proving  the  heat  to  spread  in  straight  lines.  Heat  when  dif- 
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fusing  itself  in  this  way,  to  distinguisli  it  from  heat  passing  by 
contact  or  communication,  as  described  in  the  last  section,  is 
called  radiant  heat;  that  is  to  say,  spreading  in  radii  or  rays  all 
round  its  source,  as  light  sjn-eads. 

871.  Kadiant  heat  resembles  light  yet  in  other  respects.  It 
as  rapidly  permeates  certain  transparent  substances  as  rock  salt, 
and  its  course  suffers  in  them  the  kind  of  the  bendinm  termed 
refraction  by  opticians.  It  is  reflected  from  many  polished  sur- 
faces, just  as  light  is  reflected  from  a common  mirror;  and 
many  such  surfaces  directed  to  one  point  or  centre  (as  when 
Archimedes  in  defending  Syracuse,  caused  the  sun  to  set  fire 
to  the  Roman  ships)  or  a single  concave  sin-face,  having  its  one 
centre  or  focus,  will  concentrate  the  heat  with  the  light.  Its 
motion  in  the  sunbeam  is  so  rapid,  as  for  any  distance  at  which 
men  can  try  the  experiment,  to  appear  instantaneous ; and  the 
rays  of  heat  from  hot  iron  or  burning  charcoal  concentrated  at 
gi-eat  distances  by  suitable  mirrors,  affect  a thermometer  as 
quickly  as  the  heat  of  the  sun  similarly  reflected.  Although 
light  and  heat  are  united  in  the  sun’s  ray,  they  are  still  sepa- 
rable by  our  glass  prisms  or  lenses ; and  the  focus  of  heat  be- 
hind a bm-ning  glass  is  not  precisely  the  focus  of  light.  Heat 
in  radiating  through  pure  air  does  not  warm  the  ah,  and  its  pas- 
sage is  not  sensibly  affected  by  winds  or  any  other  motion  of  the 
air. — These  resemblances  in  the  phenomena  of  light  and  heat 
have  by  some  inquirers  been  held  to  prove  that  the  two  classes 
of  appearances  are  only  different  modifications  of  action  in  the 
same  subtle  substance  or  ether. 

872.  The  diffusion  of  heat  by  radiation,  as  it  takes  place  in  an 
instant  to  any  distance,  and  begins  whenever  there  is  any  ine- 
quality of  temperature  between  bodies  exposed  to  each  other, 
would  produce  speedy  balance  of  temperatm-e  throughout 
natui-e,  but  that  heat  leaves  and  enters  bodies  with  readiness  de- 
pending on  the  condition  of  their  sm-faces,  and  on  their  internal 
conducting  powers.  A black  stone-ware  teapot,  for  instance, 
filled  with  boiling  water,  will  radiate  away  100  degvees  of  its 
heat  in  the  same  time  that  a similar  vessel  of  polished  metal 
will  radiate  only  12  degrees. 

873.  Professor  Leslie  was  the  first  to  see  the  importance  of 
investigating  this  subject,  and  he  had  the  merit  of  contriving 
well-adapted  means,  and  of  detecting  many  of  the  important 
facts.  As  common  thermometers  are  not  sufficiently  delicate  to 
determine  very  sudden  changes  of  temperature,  where  the  in- 
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fluence  is  so  sliglit  as  in  many  cases  of  radiant  heat,  he  used  the 
beautiful  differential  thermometer  contrived  by  himself,  in  con- 
junction with  concave  mirrors  (as  represented  in  the  next  page) 
to  concentrate  the  heat  and  accumulate  its  energy.  Then  taking 
as  his  heated  body  a cubical  tin  vessel  filled  with  boiling  water, 
and  covering  it  successively  with  plates  or  layers  of  different 
substances  and  Avith  different  colours,  and  exposing  the  thermo- 
meter to  it  for  a given  time  under  aU  the  changes,  he  noted  the 
number  of  degrees  Avhich  the  thermometer  rose  (as  seen  in  the 
table  which  here  follows)  and  thus  ascertained  the  radiating 
power  of  each  sort  of  covering. 


Lamp-black  . . . 

. . 100° 

Tarnished  lead  .... 

45 

Writing;  paper  . . 

. . 98 

Clean  lead 

19 

Crown  glass  . . . 

. . 90 

Iron  polished  .... 

15 

Ice 

. . 87 

Tin  plate 

12 

Isinglass  .... 

. . 75 

Gold,  silver,  and  copper  . 

12 

He  next  reversed  the  experiments  by  using  his  hot-water  vessel 
always  in  the  same  state,  and  covering  the  thermometer  bulb 
Avith  the  different  substances  and  colours,  and  thus  he  ascer- 
tained that  the  comjparative  absorhing  powers  of  the  substances 
and  colours  Avere  very  nearly  proportioned  to  their  radiating 
powers  : lamp-black,  for  instance,  absorbed  or  was  heated  100°, 
Avhile  the  poHshed  metals  absorbed,  or  Avere  heated  only  12°,  and 
so  for  the  others.  And,  lastly,  the  absorbing  powers  being  an 
indication  of  the  Aveakness  of  the  reflecting  powers  (for  a body 
absorbing  a given  proportion  of  the  heat  which  falls  on  it,  can 
reflect  only  the  remainder),  he  by  the  same  experiments  ascer- 
tained the  radiating,  absorbing,  and  reflective  or  mirror  poAvers 
of  the  bodies,  and,  therefore,  all  the  importnnt  points  respecting 
radiant  heat  in  its  relation  to  the  different  substances. 

It  seems  paradoxical  that  a clothing  of  a thin  cotton  or  Avoollen 
fabric  placed  on  a polished  tin  vessel,  should  cause  the  heat  to 
be  received  by  it  or  dissipated  from  it  much  more  than  if  the 
vessel  Avere  naked  and  polished,  but  such  is  the  fact.  And 
metal  with  a scratched  or  roughened  surface  radiates  or  receives 
much  more  rapidly  than  polished  metal. 

874.  The  property  of  absorbing  heat  depends  partly  upon  the 
colour  of  the  substance ; and  as  a general  rule  the  dark  colours, 
viz.,  those  which  absorb  the  most  light,  absorb  also  most  heat. 
Hr.  Franklin  proved  this  by  laying  pieces  of  cloth  of  different 
colours  on  snow,  and  exposing  them  during  a given  period  to 
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tlie  sun’s  rays,  while  he  noted  the  different  depths  to  which,  by 
the  melting  of  the  snow  under  them,  the  pieces  sank.  Hence 
the  effect  of  having  a white  hat  in  summer,  that  by  it,  with  the 
sun’s  light,  the  heat  also  may  be  repelled.  And  a white  dress 
in  winter  is  good,  because  it  radiates  little.  Polar  animals  have 
generally  white  furs.  White  horses  are  said  to  be  less  heated 
in  the  sun,  and  less  chilled  in  winter,  than  those  of  darker  hues. 

The  rate  of  cooling  in  heated  bodies  must  be  influenced  by 
all  the  particulars  noted  above,  viz.,  substance,  surface,  and 
colour,  and  by  the  excess  of  heat  in  the  cooling  body  as  com- 
pared with  those  around  it. 

875.  The  concentrating  apparatus  used  for  experiments  on 
the  radiation  of  heat  consisted  of  two  concave  tin  mirrors,  here 
represented  at  a and  b,  so  formed  and  placed  in  relation  to  each 
other,  that  all  the  rays  of  light  or  heat  issuing  from  the  focus  of 
one,  as  at  c,  shall,  after  a double  reflection,  be  collected  in  the 
focus  of  the  other,  d.  A stand  under  one  focus  c is  intended  to 





support  the  body  giving  out  or  receiving  heat,  and  a stand  under 
the  other  d is  meant  to  support  the  thermometer.  For  further 
explanation  of  the  action  of  such  mirrors,  we  may  refer  to  what 
was  said  of  the  concentration  of  sound  in  the  sections  on 
Acoustics,  or  to  what  will  follow  in  the  section  of  Optics,  on  the 
concentration  of  light.  The  general  rationale  of  such  facts  is, 
that  heat,  light,  sound,  an  elastic  ball,  &c.,  when  reflected  from 
any  point  of  a surface,  retm-ns  if  it  fall  perpendicularly  to  that 
point,  in  the  same  line  by  which  it  approached ; but  if  it  fall 
obliquely,  or  from  one  side  of  the  perpendicular,  it  returns  in  a 
line  deviating  as  much  on  the  other  side.  Now  the  surface  of 
a spherical  concave  acts  so  that  every  ray  issuing  from  a 
point  which  is  not  the  centre  of  the  said  concave  but  half 
way  nearer  the  surface,  shall,  Avhen  reflected,  become  parallel  to 
every  other  ray — as  represented  by  the  dotted  lines  in  the 
figure;  and  it  is  the  property  of  a similar  mirror  receiving 
parallel  rays,  to  make  them  all  meet  in  that  focus : — thus  any 
influence  radiating  from  c towards  the  mirror  a,  will  again, 


EADIATION  OF  COLD. 


429 


after  two  reflections,  be  collected  at  d.  The  purpose  and  effect 
of  such  mirrors  in  experiments  on  heat,  is  merely  to  concentrate 
feeble  influences,  so  that  they  may  be  more  accurately  estimated. 
To  show  the  effect  and  mode  of  action  of  such  mirrors,  they 
may  be  placed  exactly  facing  each  other  at  any  convenient 
distance,  and  then  a hot  body  of  any  kind,  as  a metallic  ball  or 
a canister  of  boiling  water,  being  placed  in  one  focus  while  a 
thermometer  stands  in  the  other,  the  thermometer  will  instantly 
rise ; although,  if  left  in  any  intermediate  situation  nearer  to 
the  hot  body,  and  therefore  not  in  the  focus,  it  will  not  be  sensibly 
affected.  If  burning  charcoal  be  placed  in  one  focus  and  a readily 
combustible  substance  in  the  other,  the  latter  may  be  set  fii-e 
to  at  the  distance  of  thirty  feet  or  more. 

876.  If  in  one  focus  of  the  mirror-apparatus  described  above, 
there  be  placed,  instead  of  the  canister  of  hot  water,  a piece  of 
ice,  the  thermometer  in  the  other  focus  immediately  falls.  This 
has  been  called  the  radiation  of  cold,  and  persons  were  at  one 
time  disposed  to  think  that  it  proved  cold  to  be  a substance  of  a 
different  nature  from  that  of  heat.  The  case,  however,  is  merely 
that  the  thermometer  happens  then  to  be  the  hotter  body,  in 
one  focus  of  the  mirrors,  brought  into  close  relation  with  a 
colder  body,  the  ice,  placed  in  the  other,  and  consequently  by 
the  law  of  equable  diffusion,  it  must  share  its  heat  with  the  ice, 
and  will  fall.  The  mirrors  in  any  case  have  their  effect  merely 
by  preventing  the  spreading  and  dissipation  of  some  radiant  heat 
from  either  focus  except  towards  the  other,  and  of  making  two 
distant  bodies  act  upon  each  other  as  if  they  were  almost  in 
contact  or  very  near.  All  the  heat  that  seeks  to  radiate  from 
the  thermometer  d in  the  direction  of  the  surface  of  the  mirror 
h,  if  not  met  by  an  equal  tension  or  force  of  temperature  in  the 
other  mirror  or  focus  to  which  they  are  directed  at  a and  c will 
radiate  away  to  c,  and  become  deficient  at  d.  Some  inquirers 
have  believed  that  heat  is  ever  actively  radiating  in  exchange 
from  substance  to  substance  (nearly  as  light  radiates  between 
two  opposed  burning  lamps),  only  more  copiously  from  the  side 
where  the  temperature  was  highest : others  have  held  that 
motion  takes  place  only  where  there  is  excess  of  heat ; that  is, 
when  the  balance  of  temperatures  is  destroyed ; and  this  is  the 
simpler  view. 

877.  Different  substances  allow  passage  to  rays  of  light  more 
or  less  readily,  and  accordingly  are  said  to  have  different  degrees 
of  transparency,  as  in  the  series  from  pure  air,  glass,  water,  &c. 
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at  one  end,  to  paper,  thin  porcelain,  stones,  &c.  at  the  other ; so 
different  substances  influence  very  differently  the  passage  of 
rays  of  heat.  But  what  might  not  be  expected,  certain 
substances  which  transmit  light  freely  are  found  to  obstruct 
heat,  as  crystals  of  pure  alum,  while  some  which  obstruct  light, 
as  black  glass,  give  free  passage  to  heat.  Another  remarkable 
fact  is,  that  heat  from  a som’ce  of  great  intensity,  like  the  sun, 
passes  readily  through  many  things,  as  glass,  and  water,  wliich 
absorb  and  arrest  heat-rays  from  sources  of  lower  temperature, 
as  hot  stones  or  liquids.  Eock  salt  has  the  remarkable  property 
of  allowing  the  heat-rays  of  both  kinds  to  pass  with  equal 
readiness. 

878.  It  is  important  to  remark  here  that  because  water  or 
moisture  offers  considerable  obstruction  to  the  passage  of  heat- 
rays  from  sources  of  low  temperature,  the  state  of  the  atmosphere 
as  to  moisture  near  the  surface  of  the  earth,  influences  much  the 
temperature  existing  there.  The  sun’s  heat-rays  come  down 
readily,  not  only  through  the  dry  atmosphere  of  great  elevations, 
but  also  through  the  humid  air  below,  while  the  return  radiation 
from  the  moderately  heated  earth  being  resisted  by  the  moisture, 
useful  warmth  is  retained  below.  Unimpeded  radiation,  through 
perfectly  dry  clear  air  during  a single  night  might  clhll  ordinary 
vegetation  very  destructively.  Dr.  Tyndall  had  lately  the 
merit  of  directing  attention  to  this  fact.  In  our  drawing-rooms 
it  is  common  to  have  plate-glass  fire-screens,  which,  while  they 
allow  the  light  to  pass,  defend  the  face  from  the  heat : but  all 
persons  know  that  the  heat  of  the  sunbeams,  as  well  as  their 
light,  enters  our  green-houses  through  the  glass  which  covers 
them.  A glass  screen  interposed  between  the  concave  mirrors 
in  the  apparatus  above  described,  destroys  almost  entirely  the 
effect  of  the  heated  body  placed  in  one  focus,  on  the  ther- 
mometer in  the  other,  and  the  trifling  effect  really  produced 
appears  to  be  owing  to  the  heat  that  is  absorbed  by  one  side  of 
the  screen,  and  then,  after  passing  through  it  by  conduction,  is 
radiated  from  the  other.  This  conclusion  is  supported  by  the 
fact  that  screens  of  metal  or  of  glass,  covered  with  lamp-black, 
paper,  &c.,  allow  transmission  nearly  in  proportion  to  their 
several  absorbent  and  radiant  powers. 

879.  The  doctrines  of  radiant  heat  make  us  aware  of  the  import- 
ance of  having  vessels  of  polished  metal  for  containing  liquids  or 
other  things  which  we  desire  to  keep  warm  ; hence  tea  and  coffee- 
pots, &c.,  should  be  polished.  As  a black  earthen  tea-pot  loses  heat 
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by  radiation  nearly  in  proportion  to  the  number  100,  while  one  of 
silver  or  other  polished  metal  loses  only  as  12,  there  will  be  a cor- 
responding difference  in  their  aptitude  for  extracting  the  virtues  of 
any  substance  infused  in  them.  Pipes  for  the  conveyance  of  steam 
or  hot  air,  if  left  naked,  should  be  of  polished  metal ; but  after 
arriving  at  a place  where  they  have  to  give  out  their  heat,  their 
surface  should  be  blackened  and  made  rough.  A coat  of 
polished  mail  is  not  a very  cold  covering.  A mirror  intended  to 
reflect  heat  should  be  of  highly  polished  metal,  and  such,  for  an 
obvious  reason,  the  interior  of  a screen  placed  behind  roasting 
meat  at  a kitchen  fire  should  be.  A fireman’s  mask  is  usually 
covered  externally  with  smooth  tin  foil.  It  is  of  advantage  that 
the  bottom  of  a tea-kettle  or  other  cooking  vessel  be  externally 
black,  because  the  bottom  has  to  absorb  heat,  but  the  top  should 
be  polished  because  it  has  to  confine. 

880.  The  interesting  phenomenon  of  dew  (Art.  640)  was  not 
at  all  understood  until  lately,  since  the  laws  of  radiant  heat  have 
been  investigated.  At  sunrise  in  particular  states  of  the  sky 
every  blade  of  grass  and  leaflet  is  found,  not  wetted,  as  if  by  a 
shower,  but  studded  mth  a row  of  distinct  globules  most  trans- 
parent and  beautiful,  bending  it  down  by  their  weight,  and 
falling  like  pearls  when  the  blade  is  shaken.  These  are  formed 
in  the  course  of  the  night  by  a gradual  deposition  on  leaves  of 
vegetables  and  other  bodies  rendered  by  radiation  colder  than  the 
air  around  them,  of  part  of  the  moisture  which  rises  invisibly 
from  water  surfaces  into  the  air  during  the  heat  of  the  day. 
In  a clear  night  the  objects  on  the  surface  of  the  earth  radiate 
heat  to  the  sky  through  the  air  which  impedes  consider- 
ably, as  explained  in  Art.  878,  but  does  not  altogether  prevent 
the  radiation,  while  there  is  nothing  nearer  than  the  stars 
to  return  radiation ; they  consequently  soon  become  colder, 
and  if  the  air  around  has  its  usual  load  of  moisture,  part  of  this 
will  be  deposited  on  them  in  the  form  of  dew,  exactly  as  the 
invisible  moisture  in  the  air  of  a room  is  deposited  on  a cold  bottle 
of  wine  when  first  placed  on  the  table.  Clouds,  by  obstructing 
tlie  radiation  spoken  of,  obstruct  the  formation  of  dew.  Air  it- 
seK  seems  to  lose  little  heat  by  radiation.  A thermometer  placed 
upon  the  earth  any  time  between  sunset  and  sunrise,  generally 
stands  considerably  lower  than  another  suspended  in  the  air  a few 
feet  above  it ; owing  to  the  radiation  of  heat  upwards  from  it  and 
from  the  earth,  while  the  surrounding  air  remains  nearly  in  the 
same  state.  During  the  day,  while  the  sun  shines,  the  earth 
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is  mucli  warmer  than  the  air.  The  reason  why  the  dew  falls,  or 
is  formed  so  much  more  copiously  upon  the  soft  spongy  surface 
of  leaves  and  flowers,  where  it  is  wanted,  than  on  the  hard 
surface  of  stones  and  sand,  where  it  would  be  of  no  use,  is  the 
difference  of  their  radiating  powers.  There  is  no  state  of  the  at- 
mosphere in  which  artificial  dew  may  not  be  made  to  form  on  a 
body  by  sufficiently  cooling  it,  and  the  degree  of  heat  at  which  the 
dew  begins  to  appear  is  called  the  dew-jpoint,  being  an  important 
particular  in  the  meteorological  report  of  the  day.  In  cloudy 
nights  heat  is  radiated  back  from  the  clouds,  and  the  earth  below 
not  being  so  much  cooled,  the  dew  is  scanty  or  deficient.  And 
it  is,  when  uninformed  persons  would  least  expect  the  dew, 
namely,  in  warm  very  clear  nights,  and  perhaps  when  the 
beautiful  moon  invites  to  walking — as  in  some  of  the  evenings 
of  autumn  with  the  harvest  moon  and  harvest  occupations — that 
the  dew  is  more  abundant  and  the  danger  greater  to  delicate 
persons  of  taking  harm  by  walking  among  the  grass. 


“ Heat  hy  entering  "bodies  expands  them,  and  through  a range 
which  includes  as  three  successive  stages  the  forms  of  solid, 
liquid,  and  air  or  gas ; becoming  thus  in  ncdure,  the 
grand  antagonist  and  modifier  of  the  effects  of  that  attrac- 
tion which  holds  corporeal  atoms  together,  and  xohich,  if 
acting  alone,  would  reduce  the  whole  material  universe  to 
one  solid  lifeless  mass'’  (Eead  the  Analysis,  page  406.) 

881.  If  an  experimenter  take  a body  which  is  as  free  from 
heat  as  human  art  can  obtain  it — a bar  of  solid  mercury,  for 
instance,  as  it  exists  in  a polar  winter — and  if  he  then  gra- 
dually heat  such  body,  it  will  acquire  an  increase  of  bulk  with 
every  increase  of  temperature ; first,  for  a time,  there  will  be 
simple  enlargement  or  expansion  in  every  direction ; then  the 
mass  will  in  addition  be  softened  j then  it  will  be  melted  or 
fused,  that  is  to  say,  in  the  case  supposed,  the  solid  bar  will  be 
reduced  to  the  state  of  liquid  mercury,  with  the  cohesive  attrac- 
tion of  the  atoms  nearly  overcome  ; if  the  mass  be  still  farther 
heated,  it  will  continue  to  gain  bulk  until  at  a certain  point, 
some  of  the  atoms  will  be  suddenly  repelled  from  the  mass  and 
from  one  another  to  much  greater  distances,  constituting  then  a 
very  elastic  fluid  called  an  air  or  gas,  many  hundred  times  more 
bulky  than  the  same  matter  in  the  solid  or  liquid  state,  and 
capable  of  very  forcibly  distending  an  enclosing  vessel,  as  com- 
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mon  air  distends  a bladder ; susceptible,  moreover,  of  dilating 
indefinitely  farther,  by  farther  additions  of  heat,  or  by  diminu- 
tion of  the  atmospheric  or  other  pressure,  against  which  it  had 
to  expand  during  its  formation.  A subsequent  removal  of  the 
heat  from  the  gaseous  fluid  will  occasion  a progress  of  contrac- 
tion corresponding  to  the  previous  progress  of  expansion,  and 
the  various  conditions  or  forms  of  the  substance  above  enume- 
rated, will  be  re-produced  in  a reverse  order,  until  the  solid  mass 
re-appear,  as  at  first. 

882.  What  is  thus  true  of  mercury  is  proved  by  modern 
chemical  art,  to  be  true  also  of  all  the  ponderable  elements  of 
our  globe,  and  of  many  of  the  combinations  of  these  elements, 
— as  water,  for  instance,  familiarly  known  in  its  three  forms  of 
ice,  looter,  and  steam  ; although  compound  substances  generally, 
by  great  changes  of  temperature,  are  decomposed  into  their 
elements. 

883.  A student  might  at  first  have  difficulty  in  believing  that 
the  beautiful  variety  of  solid,  liquid,  and  air  found  among 
natural  bodies,  could  depend  upon  the  quantities  of  heat  in 
them,  because  these  forms  are  all  seen  existing  at  the  same 
common  temperature ; but  he  afterwards  learns  that  each  sub- 
stance has  its  peculiar  relation  or  affinity  to  heat,  and  that  hence 
while  at  the  medium  temperature  of  the  earth,  some  bodies 
contain  so  little  as  to  have  solid  form — like  the  metals,  stones, 
earths,  &c. ; others  have  enough  to  be  liquids — as  mercury, 
water,  oils,  &c. ; and  others  have  enough  to  be  airs — as  oxygen, 
nitrogen,  hydrogen,  &c.  Men,  until  better  informed,  are  prone 
to  deem  the  states  in  which  bodies  ai*e  most  frequently  observed 
by  them,  to  be  the  natural  or  essential  states  of  such  bodies  ; 
and  the  Indian  king  reasoned  but  in  the  usual  way,  who  held 
the  Dutch  navigators  newly  arrived  on  his  shores,  to  be  gross 
impostors,  because  they  said  that  in  their  country,  at  one  time 
of  the  year,  water  became  so  hard  that  they  could  walk  upon  it 
and  drive  their  carriages  upon  it,  and  shape  it  into  solid  blocks. 
All  persons  err  like  this  king,  who  in  thinking  of  the  different 
substances  familiarly  known  to  them,  regard  their  accidental 
state  of  solid  liquid  or  gas,  dependent  on  the  climate  or  situa- 
tion on  earth  where  they  are  found,  to  be  an  essential  natural 
character. 

884.  The  degrees  in  a general  scale  of  temperature  at  which 
the  substances  most  important  to  man  change  their  states  from 
solid  to  liquid,  or  from  liquid  to  air,  will  be  noted  in  a future 
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page.  Here  we  shall  only  remark  that  the  dilTerences  are  very 
great.  Mercury  is  solid  when  72  degrees  colder  than  melting 
ice,  and  porcelain  is  fluid  when  at  about  30,000  degrees  above 
that.  There  are  some  substances  which  require  so  high  a tem- 
perature for  their  fusion  that  human  art  has  difficulty  to  pro- 
duce the  changes  by  simple  concentration  of  heat ; but  all  such 
substances  are  quickly  reducible  to  the  liquid  form  when  placed 
in  contact  with  others  for  which  they  have  a chemical  affinity, 
and  which  have  already  the  form  of  fluid : as  when  gold  and 
platinum  are  dissolved  in  Aqua  Begia — flint  in  the  fluoric  acid, 
— carbon  in  hydrogen  gas.  One  may  not  reflect  that  the 
dissolving  of  a solid  in  any  fluid  menstruum  is  merely  another 
mode  of  melting  it  by  heat : but  this  is  the  fact,  for  the  men- 
struum is  itself  fluid,  only  because  of  the  much  heat  which  it 
contains ; and  in  dissolving  the  more  obdurate  substance,  it  does 
so  merely  because  its  attraction  for  the  substance  makes  it 
share  with  the  particles  of  that,  the  heat  which  already  existed 
in  itself.  The  influence  of  heat  in  this  view  is  seen  also  in  the 
fact  that  a fluid  when  heated  can  dissolve  much  more  of  a solid 
than  when  cold.  Water  while  hot  can  keep  dissolved  in  it  much 
more  of  any  salt  than  when  its  temperature  has  fallen,  as  is 
proved  by  the  crystals  of  salt  formed  in  any  saturated  solution 
while  cooling.  Heat,  then,  is  the  one  universal  solvent  or  cause 
of  fluidity.  This  statement  is  not  opposed  to  the  notion  that 
heat  may  be  an  oscillatory  motion  among  the  ponderable  par- 
ticles of  the  heated  body,  accompanied  by  similar  motion  in  a 
subtile  elastic  medium  pervading  space,  which  medium  may  be 
locally  either  accumulated  or  deficient,  as  many  believe  the 
same  or  a like  medium  to  be,  in  a Leyden  jar  or  a battery  when 
charged  with  positive  or  negative  electricity. 

885.  There  are  in  nature  many  substances  having  such  affinity 
for  heat,  that  until  lately,  they  have  been  known  only  in  the 
state  of  gases ; and  even  in  the  present  advanced  condition  of 
experimental  art,  they  cannot  by  any  degree  of  mere  cooling  be 
reduced  to  the  liquid  or  solid  form ; but  many  of  these,  when 
pressure  is  added  to  cooling,  or  when  the  chemical  attraction  for 
them  of  some  other  substances  which  already  exist  in  the  fluid 
state,  is  made  to  co-operate,  may  be  reduced.  Instances  are 
seen  when  carbonic  acid  gas  is  by  cold  and  pressure  reduced  first 
to  the  liquid  and  then  to  the  solid  form,  or  when  oxygen  gas 
becomes  part  of  the  heavy  liquid  called  sulphuric  acid,  or  of  any 
solid  oxide. 
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886.  OF  solids,  some  on  receiving  heat  become  very  soft  before 
they  are  liquefied,  as  pitch,  glue,  glass,  iron,  &c. ; others  change 
completely  at  once,  as  ice  does  in  becoming  water ; and  some 
pass  at  once  to  the  state  of  air,  without  therefore  having  assumed 
at  all  the  intermediate  state  of  liquid.  These  last  are  sublimed, 
as  it  is  called,  and  on  cooling  again  may  be  caught  in  a powdery 
state,  as  seen  in  that  form  of  sulphur,  or  of  benzoin,  termed  the 
Jlower  of  the  substance.  Of  this  class  also  are  camphor,  arsenic, 
corrosive  sublimate,  and  the  substance  called  iodine,  which  last, 
from  the  state  of  rich  ruby  crystals,  becomes  at  once,  on  being 
heated,  a dense  transparent  gas  of  the  same  hue,  and  in  cooling 
resumes  its  crystalline  form. 

The  reader  havmg  arrived  at  this  place,  may  peruse  again 
with  advantage  the  pages  near  the  beginning  of  this  work,  from 
Art.  44  to  55,  which  treat  of  the  influence  of  heat  on  the  eon- 
stitution  of  masses. 

“Each  ’particular  suhsiance,  according  to  the  nature  and 
arrangement  of  its  ultimate  particles,  takes  a certain 
quantity  of  heat  (said  to  mark  its  capacity)  to  produce 
in  it  a given  change  of  temperature  or  calorific  tension.” 
(Kead  the  Analysis,  page  406.) 

887.  A pound  of  water,  for  instance,  that  its  temperature  may 
be  raised  one  degi-ee,  takes  thirty  times  as  much  heat  as  a pound 
of  mercury.  This  may  be  proved  in  various  ways.  First,  if 
the  heat  be  derived  from  any  uniform  soui’ce,  the  water  must 
remain  exposed  to  it  thirty  times  as  long  as  the  mercury. 
Second,  if  both  substances,  after  being  equally  heated,  are  placed 
in  ice  until  cooled  to  the  freezing  point,  the  heat  which  escapes 
from  the  water  will  melt  thirty  times  as  much  ice  as  that  which 
escapes  from  the  mercury.  Third,  when  a pound  of  hot  water 
is  placed  with  a pound  of  cold  mercury,  instead  of  the  two 
becoming  of  a middle  temperature,  as  is  the  case  when  equal 
quantities  of  hot  and  cold  water  are  mixed,  and  every  degi’ee  of 
heat  lost  by  the  one  quantity  becomes  just  a degree  gained  by 
the  other— the  pound  of  hot  w^ater,  by  giving  up  one  degree  to 
the  pound  of  cold  mercuiy,  raises  the  temperature  of  the  latter- 
thirty  degrees  ; and  in  the  same  proportion  for  other  difl’erences : 
—or  on  reversing  the  experiment,  a pound  of  hot  mercury  will 
be  cooled  thirty  degrees  by  warming  a pound  of  water  one 
degree. 
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888.  Now  each  particular  substance  in  nature,  just  as  water 
or  mercury,  has  its  peculiar  capacity  for  heat;  and  experi- 
ments made  by  such  modes  of  mixture  and  of  melting  ice  as 
above  described  have  led  to  the  construction  of  tables  which 
exhibit  the  relations.  The  following  table  shows  the  comparative 
capacities  of  equal  weights  of  some  common  substances.  Water, 
of  which  the  capacity  is  greater  than  of  any  other  substance 
except  hydrogen,  for  reasons  of  convenience,  has  been  chosen 
as  the  standard  of  comparison.  It  appears  that  a pound  of 
hydrogen  gas  takes  about  three  and  a half  times  more  heat  to 
produce  in  it  a given  change  of  temperature  than  a pound  of 
water,  while  a pound  of  mercmy  or  gold  takes  about  thirty 
times  less. 


Table  of  Sjpecific  Heats 


Stating  the  comparative  quantities  of  heat  required  to  raise 
equal  weights  of  the  different  substances  through  the  same 
range  of  temperature. 


Water 100 

Alcohol 70 

Ether 66 

Olive  oil 52 

Charcoal 24 

Sulphur 20 

Glass 19 


Iron 11 

Silver 6 

Mercury 3 

Gold 3 

Hydrogen  gas 340 

Common  air 24 

Oxygen 22 


889.  If  we  seek  a reason  or  reasons  why  there  should  be 
among  bodies  the  differences  of  capacity  here  stated,  the  cir- 
cumstances chiefly  attracting  attention  are  the  following : 1st. 

Equal  weights  of  the  various  substances  have  very  different 
bidks  or  volumes,  and  therefore  seem  to  have  different  room  in 
which  (if  there  be  a compressible  elastic  medium  concerned. 
Art.  884)  the  heat  may  lodge,  or  oscillations  of  particles  may 
play  ; — as  a pound  of  mercury,  for  instance,  is  only  one-thirteenth 
and  a half  parts  as  bulky  as  a pound  of  water.  That  the  bulk, 
however,  is  not  the  only  influencing  chcumstance  appears  in  the 
fact  that  mercury  has  one-thirtieth  of  the  capacity  of  water. 
2nd.  In  equal  bulks  of  different  substances,  the  space  may  be 
more  completely  occupied  by  the  particles  of  one  than  of  an- 
other— as  is  probably  true  of  the  particles  of  mercury  compared 
with  those  of  water.  The  influence  of  bulk  or  volume,  in  deter- 
mining the  capacity  for  heat,  is  shown  in  many  other  facts.  In 
the  table,  for  instance,  it  is  seen  that  hydrogen  and  the  gases 
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generally,  with  their  great  comparative  bulk,  have  also  great 
capacity ; that  liquids  have  less  capacity  than  gases ; that  solids 
have  less  than  liquids.  Yet  the  capacity  is  not  in  strict  propor- 
tion to  bulk  ; for  hydrogen,  which  is  many  thousand  times  more 
bulky  than  an  equal  weight  of  water,  has  only  three  and  a half 
times  the  capacity.  Then,  if  any  body  whatever  be  suddenly 
compressed  into  less  bulk,  heat  spreads  from  it  as  if  squeezed 
out.  Thus  iron  or  other  metal  suddenly  condensed  by  the  heavy 
blow  of  a hammer  is  thereby  rendered  hotter.  Water  and  al- 
cohol on  being  mixed,  occupy  less  space  than  when  separate, 
and  there  is  from  the  mixture  a corresponding  discharge  of  heat. 
This  truth  is  most  remarkably  exemplified  in  airs  or  gases,  owing 
to  their  great  range  of  elasticity.  They  may  be  condensed  or 
dilated  a hundred-fold  or  more,  and  there  will  be  a simultaneous 
concentration  or  diffusion  of  their  heat ; that  is  to  say,  the  pro- 
duction, in  the  space  occupied  by  them,  of  intense  heat  or  cold. 
The  heat  of  air  just  condensed,  or  the  cold  of  that  which  has  just 
expanded,  is  greater  for  the  instant  than  the  most  quickly  an- 
swering thermometer  indicates,  for  there  is  so  little  heat  even  in 
a considerable  volume  of  air,  that  the  mass  of  a mercurial  ther- 
mometer absorbing  a great  part  of  it  would  be  little  affected. 
The  extent  of  the  change  of  temperature,  however,  is  seen  in  the 
facts,  that  by  the  sudden  condensation  of  air  we  may  set  fire  to 
tinder  immersed  in  it,  and  by  allowing  air  suddenly  to  expand, 
we  may  convert  any  watery  vaponr  diffused  through  it  into  ice 
or  snow.  It  might  be  expected  that  an-  suddenly  compressed 
into  half  its  previous  volume,  should  become  just  twice  as  hot  as 
before,  or  if  suddenly  dilated  to  double  volume,  should  be  only 
half  as  hot ; but  the  facts  do  not  accord  with  this  anticipation,  as 
will  be  stated  in  a future  page. 

890.  The  different  capacity  for  heat  of  air  in  different  ‘states 
of  dilatation,  produces  effects  of  great  importance  in  nature  as 
well  as  in  the  arts — thus. 

On  the  surface  of  the  earth  near  the  sea-shore,  the  air  of  the 
atmosphere  has  a certain  density — a cubic  foot  weighs  about  one 
ounce  and  a third — dependent  on  the  weight  and  pressure  of  the 
superincumbent  mass  acting  on  its  elasticity ; but  on  a mountain 
top  15,000  feet  high,  where  nearly  half  the  mass  of  the  atmo- 
sphere is  below  that  level,  the  air  is  bearing  but  half  the  pressure, 
and  consequently  any  quantity  of  it  has  nearly  twice  the  volume 
of  an  equal  quantity  at  the  sea-side,  with  a temperature  conse- 
quently many  degrees  lower.  The  air  which  is  at  any  time  on 
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a mountain  top,  may,  a little  while  before,  have  been  on  an 
adjoining  low  plain,  or  the  sea-shore,  and  in  gradually  climbing 
the  mountain  side  as  a wind,  it  must  have  been  gradually  ex- 
panding and  becoming  cooler  because  of  the  diminishing  pressure. 
It  is  found  that  air  on  rising  from  the  sea-shore,  becomes  one 
degree  colder  nearly,  for  the  first  250  feet  of  perpendicular 
ascent,  and  that  air  becomes  altogether  about  50°  colder  in  rising 
1 5,000  feet ; so  that  at  this  latter  elevation,  water  exposed  to 
the  air  becomes  ice  even  near  the  equator,  where  the  tempera- 
ture of  low  plains  is  at  least  80°.  It  thus  appears  that  if  a man 
could  travel  with  the  wind  so  as  to  remain  surrounded  always  by 
the  same  air,  he  might  begin  his  journey  with  it  in  the  summer 
vineyards  of  the  Ehine,  might  soon  after  find  it  the  piercing 
blast  of  alpine  summits ; and  later  still,  without  any  change 
having  occurred  in  the  absolute  quantity  of  its  heat,  might  feel 
it  as  the  warm  breath  of  the  flowers  on  the  plains  of  Italy. 

891.  The  explanation  is  thus  given  of  Avhy  very  elevated 
mountains  in  all  parts  of  the  earth  are  hooded  in  perpetual 
snows.  We  have  said  that  even  at  the  equator,  where  the  ave- 
rage temperature  near  the  sea  is  84°,  water  will  be  frozen  when 
carried  to  an  elevation  of  15,000  feet.  A line,  therefore,  traced 
round  a moutain  at  this  level  would  divide  the  portion  of  it 
destined  to  rest  under  lasting  ice  and  snoAV  from  the  portion 
below  covered  Avith  green  herbage  and  trees.  This  line,  where- 
ever  found,  is  called  the  snoio  line,  or  line  of  perpetual  congelation. 
At  the  equator  it  is  high  in  the  atmosphere,  because  there  is  a 
difference  of  about  50°  between  the  average  temperatiu’e  of  the 
country  and  the  freezing  point  of  water,  viz.,  the  difference  be- 
tAveen  84°  and  32°,  and  an  elevation  of  15,000  feet  corresponds 
to  this  difference  ; but  in  a progress  towards  the  poles,  the  line 
is  met  with  gradually  nearer  to  the  earth,  as  the  difference  be- 
tween the  average  temperature  and  the  freezing  point  is  less. 
In  parts  of  tropical  America,  on  the  Andes,  and  on  the  Himalaya 
Mountains  in  Asia,  the  snow-level  is  found  higher  than  15,000 
feet  above  the  sea.  In  SAvitzerland,  it  is  at  a height  of  from  6000 
to  9,000  feet;  in  Noiuvay,  it  is  beloAV  5,000.  With  respect  to  this 
line  of  congelation,  it  is  further  to  be  remarked,  that  in  tropical 
countries,  because  the  temperature  of  the  air  is  nearly  uniform 
during  the  whole  year,  the  line  or  limit  of  frost  and  snoAv  is  dis- 
tinct and  unvarying,  that  is  to  say  narroAV,  particularly  AAdiere  the 
acclivity  is  considerable ; but  in  countries  to  the  north  and  south, 
Avhich  have  strong  contrast  of  summer  and  Avinter,  the  Ihie  rises 
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in  summer  and  falls  in  winter,  and  thus  becomes  broad  and  less 
evident : in  the  hot  season  much  snow  is  melted  above  the  middle 
of  the  line  or  belt,  while  in  winter  much  snow  and  ice  are  accu- 
mulated below  that,  to  be  melted  again  when  summer  returns. 

Glaciers. 

892.  We  may  here  consider  the  striking  phenomenon  of  what 
are  called  glaciers,  formed  among  mountains  which  rise  above 
the  snow-level  of  the  region.  When  snow,  falling  on  these 
mountains,  as  it  does,  through  both  summer  and  winter,  accu- 
mulates on  their  sides  beyond  a certain  degree,  it  breaks  loose 
and  slides  down  in  masses  called  avalanches  into  the  hollows 
and  valleys  below,  and  there,  owing  to  the  great  j^ressure  and 
partial  meltings,  it  soon  becomes  solid  ice,  called  a glacier,  often 
hundreds  of  feet  in  thickness  or  depth.  One  of  the  singular 
facts  connected  with  these  masses  is,  that  they  have  a slow 
onward  motion  toward  the  lower  country,  as  if  they  were  of  semi- 
fluid substance,  like  soft  pitch  or  yielding  clay.  It  had  been 
noted  by  the  inhabitants  around,  that  huge  pieces  of  rock  fallen 
from  bordering  heights  to  the  surface  of  the  ice,  seemed  to  have 
a gradual  onward  motion  towards  the  lower  country,  but  only  of 
late  have  scientific  men  ascertained  that  the  whole  mass  of  the 
glacier  has  such  motion,  carrying  the  rocky  fragments  on  its 
surface.  Then  experiment  shows  that  if  a block  of  ice  is  crushed 
and  broken  by  great  pressure,  and  the  pressure  is  continued 
afterwards,  the  fragments  all  perfectly  re-unite  to  become  as 
solid  a mass  as  before,  and  in  any  new  form  which  the  resisting 
sides  of  the  containing  space  may  give.  Now  glacier-ice  in  a 
sloping  valley  is  undergoing,  by  the  pressure  of  its  weight,  a 
constant  bruising  and  general  internal  fracture  of  its  substance, 
as  it  is  forced  along  in  its  irregular  channel,  and  the  disj)laced 
pails  are  being  as  constantly  re-united  into  a solid  mass.  Gla- 
ciers from  smaller  valleys  meet  and  join  with  those  in  the 
larger,  just  as  smaller  streams  of  water  meet  to  form  large 
rivers.  It  is  interesting  to  observe  that  the  constantly  falling 
fragments  of  rock  and  earth  from  the  elevations  around  the 
moving  glacier  form  continuous  lines  on  the  surface  along 
the  margins  to  the  termination  of  the  glacier,  where  the  in- 
creasing warmth  of  the  low  country  is  causing  the  glacier  ice 
to  melt  and  disappear,  and  the  earthy  loads  there  deposited 
form  ridges  or  embankments,  called  moraines,  of  vast  mag- 
nitude, crossing  the  mouth  of  the  valley,  the  stupendous  gather- 
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ings  of  b5'^gone  ages.  The  eontiniial  and  rapid  waste  of  glaciers 
going  on  below  the  level  of  the  snow-line  confines  those  of  tem- 
perate regions  to  high  positions  among  the  mountains,  but  in 
colder  regions  towards  the  poles,  glaciers  extend  down,  not 
merely  to  the  sea-shores,  but  often  project  far  into  the  sea. 
When  such  projections  break  off,  they  become  the  so-called  ice- 
hergs  met  floating,  away  from  the  places  of  their  origin. 

893.  Although  the  proofs  are  not  at  once  apparent,  the  line 
of  congelation  exists  as  truly  everywhere  in  the  open  sky,  over 
sea  and  plains,  as  where  there  are  mountain  heights  to  wear  its 
livery ; and  considerably  below  the  line,  the  cold,  aided  probably 
by  electrical  agency,  is  sufficient  to  produce,  in  the  form  of  mist 
or  clouds,  a copious  separation  from  the  ah’  of  the  watery  vapour 
contained  in  it.  There  is  thus  in  nature  an  admirable  agency 
at  work  to  shade  the  surface  of  the  earth  at  times  from  the  too 
powerful  rays  of  the  sun,  and  to  supply  rain  as  wanted,  without 
the  transparency  of  the  inferior  regions  of  the  atmosphere  being 
much  affected.  As  the  watery  evaporation  rising  from  sea  and 
lake,  and  invisibly  diifused  in  the  atmosj)here,  can  reach  only  to 
the  height  where  the  cold  is  intense  enough  to  condense  it,  the 
clouds  may  in  general  be  regarded  as  the  high  stratum  of  that 
atmosphere  of  watery  vapour  or  aeriform  water,  which  is  always 
mixed  more  or  less  Avith  the  atmosphere  of  mere  air : and  as  the 
quantity  of  watery  vapour  which  can  exist  invisibly  in  a given 
space,  depends  altogether  on  the  amount  of  heat  present, 
the  clouds  in  a cold  or  a humid  atmosphere  will  generally  be 
loAv,  and  in  a warm  or  a dry  atmosphere  will  be  high,  or  there 
may  be  none.  An  aeronaut  mounting  in  his  balloon  through  a 
clear  sky,  often  enters  a dense  cloudy  stratum,  and  for  a time  is 
surrounded  by  the  gloom  almost  of  night,  the  face  of  the  eai’th 
below  being  completely  hidden  from  him,  Avhile  the  heavenly 
bodies  are  equally  veiled  from  him  above ; but  rising  still 
higher,  he  again  emerges  to  brightness,  and  looks  doAvn  upon 
the  fleecy  ocean  rolling  beneath,  as  a climber  to  a very  lofty 
peak  looks  down  from  the  pure  atmosphere  around  it  on  the 
inferior  region  of  clouds  and  storms. 

894.  The  diminished  temperature  of  air  in  the  higher  regions 
of  the  atmosphere,  often  enables  the  natives  of  temperate  cli- 
mates, when  obliged  to  reside  in  hot  conntries  inimical  to  their 
health,  to  find  near  at  hand,  on  some  mountain  height,  the  con- 
genial temperature  of  their  Avished-for  homes.  The  Avriter  of 
this  during  a visit  in  early  life  to  the  then  recentTy  occupied 
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island  of  Penang  in  the  strait  of  Malacca,  noted  this  fact  with 
pleasure  not  readily  forgotten.  The  centre  of  the  island  is 
much  elevated  and  thickly  wooded.  On  the  northern  summit 
there  were  then  a few  residences  visible  from  the  sea-shore  like 
eagles’  nests  on  a cliff.  Towards  these,  one  morning  at  sunrise, 
on  an  active  little  horse  of  the  country,  and  along  a tolerable 
road,  he  began  to  climb  from  the  hot  plain  below.  At  first  he 
had  around  him  merely  tropical  objects  of  vegetable  and  animal 
kinds;  but  as  he  gradually  ascended,  the  character  of  all 
seemed  to  be  changing,  and  the  air  was  becoming  so  fresh  as 
strongly  to  recall  thoughts  of  distant  England.  When  he  had 
reached  the  summit,  however,  and  through  an  open  space  he 
could  use  the  telescope,  he  seemed  to  be  present  in  two  climates 
at  once.  The  naked  eye  could  take  account  only  of  sunny  strait, 
and  distant  hills  on  the  continent,  such  as  might  be  seen  in 
Europe ; but,  on  closer  inspection,  and  with  the  aid  of  the 
telescope  were  descried  the  endless  variety  of  tropical  objects, 
— the  broad-leaved  palms,  groves  of  cocoa-nut  and  banana,  the 
plantations  of  sugar-cane,  the  tawny  labourers,  the  bamboo 
dwellings,  the  Malay  canoes  or  prows,  and  other  things  of  the 
like  character.  And  this  scene,  only  a few  degrees  from  the 
equator,  a person  could  have  under  his  eye,  while  the  thermo- 
meter near  him  stood  as  in  England  during  the  month  of  May. 

The  interiors  of  many  tropical  lands  have  situations  of  great 
extent,  which  combine,  as  above  described,  the  advantages  of 
tropical  situation  and  temperate  climate,  and  which  might  well 
be  inhabited  by  European  colonists.  The  vast  table  land  of 
IMexico,  and  much  of  the  central  land  of  South  America,  is 
similarly  cu’cumstanced.  It  is  not  uncommon,  where  the  ascent 
to  such  land  is  rapid,  to  find  near  the  bottom  towns  with  their 
markets  stored  only  with  the  productions  of  the  equator,  while 
higher  up  are  seen  also  what  belong  to  the  temperate  skies  of 
Europe.  In  the  province  of  Valentia,  in  Spain,  invalids  need- 
ing temperate  climate  can  find  it  near  the  sea-level  during 
winter,  and  in  summer  can  climb  the  hills  to  enjoy  the  cool 
atmosphere  which  befits  them. 

The  facts  detailed  in  the  preceding  paragraphs  illustrate  the 
subject  of  the  relation  of  volume  in  a body  to  the  capacity  for 
heat,  by  the  change  of  capacity  produced  in  the  same  quantity  of 
air  according  as  it  is  more  or  less  either  dilated  or  compressed. 
We  have  now  to  speak  of  permanent  density  in  the  same  respect. 

895.  It  might  be  anticipated  that  a dense  body,  or  one  in 
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wliicli  the  constituent  particles  may  be  ’supposed  to  fill  more 
completely  the  space  occupied  by  it  than  tlie  particles  do  in  a 
rarer  body,  would  have  smaller  capacity  for  heat,  in  proportion 
to  the  smaller  space  left  vacant  in  its  mass : and  in  a general 
comparison  of  the  capacities  of  equal  hullcs  of  different  substances 
such  anticipation  is  partly  verified.  The  relation,  however,  is 
by  no  means  universal,  nor  at  all  in  proportion  to  the  differences 
of  density — for  Avater,  which  is  denser  than  oil,  has  twice  as 
much  capacity  for  heat. 

896.  The  relation  then  between  various  substances  and  heat, 
which  we  call  capacity  for  heat,  depends  much  more  on  the 
nature  of  the  ultimate  particles  of  the  substances  than  either  on 
the  absolute  bulk  or  comparative  density  of  the  masses.  Throw- 
ing light  on  this  subject,  it  has  been  ascertained  that  all 
material  substances  are  composed  of  extremely  minute  un- 
changeable atoms,  of  which,  in  the  different  substances,  the 
comparative  weights  have  been  determined  (Art.  42),  although 
not  the  absolute  weights  ; that  is  to  say,  for  example,  the  atom 
of  gold  is  known  to  weigh  nearly  six  times  as  much  as  the  atom 
of  iron,  although  we  do  not  know  how  many  thousands  or 
millions  of  atoms  are  required  to  form  a grain  of  either.  And 
recent  researches  prove  that  the  capacities  for  heat,  or  the 
specific  heats  of  simjfie  bodies,  are  inversely  as  their  atomic 
weights,  the  two  numbers  multiplied  together,  therefore,  being 
a constant  quantity. 

Instead  of  the  term  capacity  for  heat  used  in  the  preceding 
pages,  Avith  respect  to  particular  substances,  that  of  specific  heat 
has  by  some  authors  been  preferred ; but  as  the  latter  gives  to 
a commencing  student  the  idea  rather  of  hinds  of  heat  than  of 
quantities,  the  term  capacity  has  been  here  retained. 

“Each  substance  in  nature,  for  a given  change  of  temperature, 
undergoes  expansion  in  a degree  proper  to  itself,  the  expan- 
sion generally  increasing  more  rapidly  than  temperature, 
being  remarhdbly  greater  therefore  in  liqtiidsthanin  solids, 
and  in  airs  than  in  liquids,  the  rate  being  quichened,  more- 
over, near  the  points  of  change.”  (Head  the  Analysis, 
page  406.) 

897.  The  following  table,  containing  the  names  of  some  com- 
mon substances,  solid,  liquid,  and  aeriform,  shows,  by  the  figures 
following  each  name,  nearly  how  much  the  substance  increases 


EXPANSION  OF  BODIES. 


443 


in  bulk,  by  having  its  temperature  raised  from  that  of  freezing 
to  that  of  boiling  water.  A lump  of  glass,  for  instance,  would 
gain  one  cubic  inch  for  every  416  cubic  inches  contained  in  it ; 
while  a mass  of  water  would  gain  one  inch  for  twenty-three, 
dilating  thus  for  the  same  range  of  temperature  eighteen  times 
more  than  the  glass. 

SOLIDS. 


Glass  gains  one  part  in 416 

Deal 416 

Steel 283 

Iron 271 

Brass 177 

Silver 175 

Lead 117 

LIQaiDS. 

Mercury  gains  one  part  in 55 

Water  . 23 

Fixed  oils 12 

Alcohol 9 


AIRS. 

Common  air,! 

and  all  gases  > gain  one  part  in  about  . 3 

and  vapours  J 

898.  We  have  to  warn  readers  here  not  to  confound  the 
increase  by  heat  of  the  general  hidk  of  a solid  body  with  the 
increase  of  its  length.  The  latter  is  only  one-tlrird  as  great  as 
the  former.  This  will  be  understood  by  considering  that  the 
increase  of  bulk  is  made  up  of  increase  in  the  length,  breadth, 
and  depth  (or  thickness).  If  the  substance  of  a metallic  square 
rod  or  wire  be  dilated,  by  heat,  a one-hundredth  part  of  its  bulk, 
it  does  not  gain  all  that  hundredth  at  its  end,  becoming  101 
inches  long  instead  of  100 ; but  every  part  becomes  deeper  and 
broader  in  the  same  proportion  as  it  becomes  longer,  and  the 
rod  gains  in  length  only  the  third  part  of  an  inch.  A fluid 
enclosed  in  a tube  unchangeable  by  heat  (if  such  tube  there 
were)  would  show  its  whole  dilatation  in  an  increase  of  length, 
because  there  could  be  no  swelling  laterally,  and  its  extremity, 
therefore,  from  any  variation  of  temperature,  would  have  a triple 
extent  of  motion.  A degree  of  tliis  consequence  is  obtained  in 
our  mercurial  thermometers,  because  the  containing  glass, 
although  dilatable  by  heat,  is  much  less  dilatable  than  the  fluid 
within.  As  regards  solids,  we  have  to  inquire  so  much  more 
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frequently  respecting  only  the  dilatation  in  length  or  in  breadth, 
or  thickness,  that  is  to  say,  the  linear  dilatation  in  one  direction, 
than  respecting  the  increase  of  general  bulk,  that  tables  are 
commonly  made  stating  only  the  linear  dilatation.  And  this 
may  be  found  at  once  from  the  above  table,  by  recollecting  that 
it  is  one-third  of  the  increase  of  bulk.  Thus,  as  glass  in  passing 
from  the  freezing  to  the  boiling  heat  of  water,  dilates  one  part 
in  416  of  its  bulk,  it  will  dilate  only  one-third  as  much  in  length, 
namely,  one  1248th  part. 

899.  The  expansion  of  solids  by  heat  has  been  ascertained 
by  bringing  microscopic  instruments  to  bear  on  marked  rods  of 
the  different  substances  heated  to  vai’ious  degrees  in  some 
liquid.  The  expansion  of  fluids,  again,  is  found  by  filling  a 
glass  vessel  with  a known  weight  of  a fluid,  and  then  ascer- 
taining how  much  is  caused  to  run  over  or  escape  by  a given 
increase  of  heat ; or  how  much  the  fluid  rises  into  a long  tubular 
neck  like  the  stalk  of  a thermometer.  - This  quantity,  when  the 
required  allowance  is  made  for  the  expansion  of  the  heated  glass 
vessel  (already  known),  declares  the  increase  in  the  fluid  itself. 

The  general  and  comparative  expansion  of  solids  by  heat  are 
exemplified  in  the  following  facts : 

An  iron  bullet,  when  heated,  cannot  be  made  to  enter  an 
opening,  through  which  when  cold  it  passes  readily. 

900.  A glass  stopper  sticking  in  the  neck  of  a bottle,  often 
may  be  released  by  surrounding  the  neck  with  a cloth  taken 
out  of  warm  water ; or  by  immersing  the  bottle  in  the  water  up 
1,0  the  neck : or  by  making  strong  friction  on  the  neck  by  a taj)e 
or  any  soft  rope  put  round  it,  and  then  pulled  backwards  and 
forwards.  By  any  one  of  these  means  the  binding  ring  of  the 
neck  is  heated  and  expanded  sooner  than  the  stopper,  and  so 
becomes  for  a short  time  somewhat  more  loose  upon  it.  Tap- 
ping gently  at  the  same  time  on  the  stopper  with  a piece  of  wood 
favours  the  operation. 

Pipes  of  cast-iron  for  conveying  hot  water,  steam,  hot  ah,  Ac., 
if  of  considerable  length,  must  have  joinings  which  allow  a 
certain  degree  of  shortening  and  lengthening,  otherwise  a change 
of  temperature  may  destroy  them.  An  incompetent  person  who 
undertook  to  warm  a large  manufactory  by  steam  from  one 
boiler,  laid  a rigid  main  pipe  along  a passage,  with  lateral 
branches  passing  tightly  through  holes  into  the  several  apart- 
ments. On  his  first  admitting  the  steam,  the  expansion  of  the 
main  pipe  made  many  fractures  at  the  branches. 
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Li  an  iron  railing,  a gate  whidi  during  a cold  day  may  be 
loose  and  easily  shut  or  opened,  in  a warm  day  may  stick,  owing 
to  there  being  greater  expansion  of  it  and  of  the  neighbouring 
railing,  than  of  the  earth  on  which  they  are  placed.  The  iron 
bars  of  railways  are  now  formed  with  oblique  surfaces  at  their 
meeting  ends,  to  allow  of  expansion  with  changes  of  weather. 

The  iron  pillars  commonly  used  to  support  the  front  walls  of 
houses  of  which  the  ground  floors  being  meant  to  serve  as  shops 
have  spacious  windows,  in  warm  weather  really  lift  up  the  wall 
which  rests  upon  them,  and  in  cold  weather  allow  it  again  to 
subside,  considerably  more  than  if  the  wall  were  of  brick  from 
top  to  bottom. 

901.  In  some  situations  (as  once  was  seen  in  the  beautiful 
steeple  of  Bow  Church,  in  London),  where  the  stones  of  a 
building  are  held  together  by  clamps  or  bars  of  iron  driven  into 
the  stones,  the  expansion  in  summer  of  these  clamps  will  force 
the  stones  apart  sufficiently  for  dust  or  sandy  particles  to  lodge 
between  them:  and  then,  on  the  return  of  winter,  the  stones 
not  being  at  liberty  to  close  as  before,  will  cause  the  ends  of  the 
shortened  clamps  to  be  di-awn  out,  and  the  effect  increasing 
with  every  succeeding  year,  the  structure  may  at  last  be 
dangerously  loosened. 

The  pitch  of  a piano-forte  or  harp  is  lowered  in  a warm  day 
or  in  a warm  room,  owing  to  the  expansion  of  the  strings  being 
greater  than  that  of  the  wooden  frame-work ; and  in  cold 
the  reverse  will  happen.  Thus  an  instrument,  which  has  been 
AveU  tuned  in  a morning  drawing-room,  may  make  discords 
when  the  crowded  evening  party  has  heated  the  room. 

Bell-wires  too  slack  in  summer,  may  be  of  the  proper  length 
in  winter. 

902.  One  admirable  contrivance  for  keeping  the  pendulum  of 
a clock  always  of  the  same  length,  by  making  the  greater 
expansion  by  heat  of  a middle  bar  of  brass  counteract  the 
smaller  expansion  of  two  side-rods  of  steel,  was  explained  under 
the  head  of  “Pendulum,”  as  was  also  the  construction  of  a 
balance-wheel  for  watches  having  a corresponding  property.  A 
difference  of  a 100th  of  an  inch  in  the  length  of  a common 
pendulum  causes  a clock  to  err  about  ten  seconds  in  twenty-four 
hours,  and  a rise  or  fall  of  2.5°  of  Fahrenheit’s  thermometer  may 
produce  this  difference.  Another  kind  of  compensating  pendulum, 
not  less  admirable,  distinguished  by  the  name  of  its  inventor 
Graham,  is  obtained  by  substituting  for  the  solid  bob  or  ball  at 
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the  bottom  a glass  vessel  containing  mercuiy.  The  mercury  on 
expanding  by  heat,  has  its  centre  of  gravity  raised  just  enough 
to  compensate  for  the  lengthening  of  the  pendulum-rod. 

Thin  strips  of  two  metals  differently  expansible  by  heat,  may 
be  soldered  together  throughout  their  length  to  fonn  one  long 
straight  riband.  If  this  be  then  heated  or  cooled,  it  bends  or 
curls  like  damp  paper  held  before  a fire.  M.  Breguet,  of  Paris, 
has  constnicted  a very  sensitive  thermometer  on  this  principle. 

Crystals,  Avhen  heated,  do  not  expand  quite  equally  in 
breadth  and  in  length.  The  same  is  true  of  fibrous  substances, 
as  wood,  which  expands  and  contracts  more  in  breadth  than  in 
length.  This  is  instanced  in  the  leaking  during  cold  weather  of  a 
ship’s  deck,  which  in  warm  weather  is  tight ; — an  occurrence 
which  the  author,  in  rounding  the  Cape  of  Good  Hope,  had  to 
regret  as  the  cause  of  damage  to  some  valuable  specimens  of  na- 
tural history  which  he  had  collected  among  the  Eastern  Islands. 

Bodies  expanded  by  heat,  unless  when  their  intimate  structure 
is  changed  by  it,  regain  exactly  their  former  dimensions  on  being 
cooled. 

As  is  seen  in  the  preceding  table,  the  expansion  of  liquids  by 
heat  is  much  greater  than  of  solids. 

903.  A cask  quite  filled  with  liquid  in  winter,  must  in  summer 
force  its  plug,  or  burst : and  a vessel  which  has  been  filled  to 
the  lip  with  warm  liquid,  will  not  be  full  when  the  liquid  has 
cooled.  It  is  thus  that  the  mercury  rises  and  falls  in  the  stalk 
of  a thermometer  in  proportion  as  that  contained  in  the  bulb  is 
heated  or  cooled. 

There  exists,  m the  case  of  water,  a singular  exception  abeady 
mentioned  (Art.  508),  to  the  law  of  expansion  by  heat  and  con- 
traction by  cold,  producing  unspeakable  benefits  in  nature. 
Water  contracts  only  down  to  the  temperature  40°,  while,  from 
that  to  32°,  which  is  its  freezing  point,  it  again  dilates. 

Ah’S  are  expanded  by  heat  sthl  more  than  liquids. 

904.  The  extent  of  this  dilatation  for  airs  is  so  much  greater 
than  for  liquids  or  solids,  that  it  forces  itself  much  more 
strikingly  upon  the  attention.  Thus  a bladder  containing  con- 
siderably less  than  its  fill  of  air,  becomes  tense  immediately  on 
being  held  to  the  fire.  The  air  in  a balloon  just  escaping  from 
a cloud,  has  been  so  suddenly  expanded  by  the  direct  rays  of  the 
sun,  as  to  injure  the  texture  of  the  balloon.  Some  of  the  fatal 
accidents  among  aeronauts  have  been  owing  to  this  occurrence. 
Burning  fuel  passed  into  a vessel  or  case  which  can  be  suddenly 
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and  strongly  closed,  will  produce  an  expansion  of  the  air  con- 
fined within  capable  of  bursting  a vessel  of  ordinary  strength — 
in  short,  may  produce  an  explosion. 

90o.  The  expansion  of  aeriform  bodies  by  heat  produces  many 
important  effects  in  nature.  Some  of  these  have  already  been 
considered  in  preceding  parts  of  this  work,  as,  the  rising  of  heated 
air  in  the  atmosphere  causing  the  winds  all  over  the  earth ; the 
same  in  our  fires  and  chimneys  supporting  combustion,  and 
ventilating  and  purifying  our  houses ; the  same  again  from  around 
animal  bodies,  removing  the  poisonous  or  contaminated  air  which 
issues  from  the  lungs,  and  insuring  a constant  supply  of  fresh  air 
for  the  support  of  life,  &c. 

The  expansion  by  heat  of  air  and  other  gaseous  matter  has 
lately  become  a subject  of  very  high  interest,  from  having  led 
to  new  views  in  relation  to  the  force  not  only  of  heat,  but  of 
whatever  else  is  called  force  or  energy  in  nature.  This  subject 
will  be  resumed  after  what  has  to  be  said  on  Latent  Heat,  in 
the  section  which  follows  the  next. 

“ The  expansion  of  bodies  by  heat  increases  more  rapidly  than 
the  temperature,  and  particularly  near  the  melting  and 
boiling  points,  that  is,  their  points  of  changing  into  liquid 
or  air.”  (Head  Analysis,  page  406.) 

906.  If  a certain  increase  of  temperature,  accurately  measured 
by  any  of  the  methods  now  practised,  be  given  to  a mass  of 
cool  water,  it  will  produce  in  that  a certain  increment  of  bulk  : 
and  if  other  equal  additions  be  afterwards  successively  made, 
each  new  one  will  produce  a rather  greater  increment  of  bulk 
than  the  preceding,  with  diminished  specific  gravity,  particularly 
when  the  water  approaches  to  boiling.  It  is  found,  however, 
that  after  the  water  is  converted  into  steam,  or  becomes  aeriform, 
any  farther  increase  of  bulk  is  always  closely  proportioned  to 
the  increase  of  temperature.  What  is  thus  tiue  of  water  in  re- 
lation to  heat  is  true  of  bodies  generally,  each,  however,  having 
a rate  of  expansion  and  temperatures  for  melting  and  boiling 
proper  to  itself.  The  quickened  rate  of  expansion  in  solids  and 
liquids  might  have  been  anticipated  from  reflecting  that  each 
successive  quantity  of  heat  added  to  a liquid,  meets  with  less 
resistance  to  its  expanding  power  than  the  preceding  quantity, 
owing  to  the  diminishing  force  of  the  mutual  attraction  of  tlie 
particles  as  the  mass  enlarges ; while  in  an  air  or  gas,  as  such 
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cohesion  has  altogether  ceased,  each  addition  of  heat  is  at 
liberty  to  produce  a full  effect.  If  the  capacity  of  substances 
for  heat  did  not  increase  with  their  bulk,  the  terms  “ increase 
in  the  amount  of  heat”  and  “increase  of  temperature”  would 
have  the  same  meaning,  and  this  subject  would  be  more 
simple. 

907.  The  reflection  may  naturally  occur  here,  that  as  in  the 
common  thermometer  the  mercury  must  rise  or  expand  more 
for  a given  quantity  of  heat  added  at  a high  than  at  a low  tem- 
perature, the  scale  should  be  divided  to  correspond  with  the 
inequality.  This  reasoning  is  good,  but  the  difficulty  of  com- 
plying with  it  in  practice  is  such,  that  the  inconvenience  of  the 
slight  error  arising  from  an  equal  division  is  commonly  sub- 
mitted to.  An  air  thermometer  having  equal  divisions  is  more 
nearly  correct,  but  from  wanting  many  of  the  advantages  of  the 
mercurial  thermometer,  is  little  employed.  The  subject  of 
unequal  thermometric  dilatation  in  the  same  liquid,  and  of  the 
differences  in  that  respect  in  different  liquids,  depending  on 
the  proximity  to  their  boiling  points,  was  well  illustrated  by 
Du  Luc’s  experiment  of  charging  several  like  thermometer- 
glasses,  divided  according  to  the  scale  of  Eeaumur,  with  different 
liquids,  and  while  they  were  being  heated  through  the  same 
range  of  temperature,  from  zero  or  freezing  (0°)  to  boiling  (80°), 
noting  their  comparative  indications.  The  discordance  of  the 
dilatations  in  different  tubes  when  the  instruments  were  placed 
together,  and  heated  from  the  freezing  (marked  0°,  or  zero,  on 
Eeaumur’s  scale)  to  the  boiling  degree  of  water  (marked  80°), 
was  as  here  detailed — 


Mercury. 

Alcohol. 

Water, 

0 

0 

0 

10 

7.9 

0.2 

20 

16.5 

4.1 

30 

25.6 

11.2 

40 

35.1 

20.5 

50 

45.3 

32 

60 

56.2 

45.8 

70 

67.8 

62 

80 

80 

80 

The  singular  discrepancy  in  the  case  of  water  is  owing  to  the 
peculiarity  described  in  Art.  903  of  its  contracting  by  cold  only 
down  to  40°  of  Fahrenheit,  and  then  dilating  again  until  it 
freezes. 
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“ To  melt  a solid  body,  or  to  vaporize  a liquid,  a large  addition 
of  heat  enters  it,  hut  in  the  new  arrangement  of  the  particles 
and  the  generally  increased  volume  of  the  mass,  the  heat 
becomes  hidden  from  the  thermometer  and  is  called  Latent 
Heat.  It  re-appears  during  the  contrary  changes,  after 
ivhatever  interval.”  (Head  the  Analysis,  page  406.) 

908.  The  expansion  of  bodies  by  heat,  instead  of  proceeding 
tliroiighout  in  a nearly  uniform  or  gradual  manner,  makes  in  its 
course  two  great  leaps,  with  singular  ti’ansformations  of  the  body : 
the  first,  when  the  solid  breaks  down  into  a liquid ; the  second, 
when  the  liquid  swells  out  into  an  air  or  gas  ; so  that  there  are 
in  all,  three  very  distinct  modifications  or  stages  of  existence  for 
the  body  dependent  on  the  agency  of  heat.  The  substance  of 
water,  for  instance,  when  at  a low  temperature,  exists  in  the 
solid  form  called  ice ; but  at  32°  of  Fahrenheit,  on  receiving 
more  heat,  it  gradually  becomes  liquid  or  water,  and  on  receiving 
still  more  heat  at  212°,  even  imder  the  resisting  pressure  of  the 
atmosphere,  it  acquires  a bulk  nearly  2,000  times  greater  than 
it  had  as  a liquid  (gi-adually  as  regards  the  whole,  but  suddenly 
as  regards  each  separate  portion),  being  then  called  steam  or 
aeriform  water.  And  other  bodies  under  analagous  circum- 
stances, undergo  similar  changes.  It  is  further  remarkable,  that 
although  dming  the  changes  a large  quantity  of  heat  enters  the 
mass,  producing  in  the  one  case  the  liquidity,  in  the  other  the 
form  of  air,  the  temperature  or  indication  of  the  thermometer 
is  the  very  same,  immediately  after,  as  immediately  before  the 
change,  the  heat  received  in  the  interval  becoming  hidden  or 
latent  in  the  mass : — thus  water  running  from  melting  ice  affects 
the  thermometer  just  as  the  ice  does,  and  steam  over  boiling 
water  appears  no  hotter  than  the  water.  The  glory  of  originally 
discovering  the  facts,  to  recall  which,  the  terms  latent  heat,  or 
caloric  of  jhudity,  have  since  been  used,  belongs  to  the  illus- 
trious Dr.  Black.  The  modern  steam-engine  was  an  early 
result  of  this  discovery  and  of  kindred  investigations  made  by 
his  friend,  James  Watt. 

We  select  the  following  instances  as  serving  to  display  the 
subject  of  latent  heat  in  its  various  bearings. 

909.  A mass  of  ice  brought  into  a warm  room,  and  there 
receiving  heat  from  every  object  ai’ound  it,  will  soon  reach  the 
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temperature  of  melting  or  32°,  but  afterwards  both  the  ice  and 
the  water  formed  from  it  will  continue  at  that  temperature 
until  all  be  melted.  The  heat  which  continues  to  enter,  effects 
a change  only  in  the  form  not  in  the  temperature  of  the  mass. 
And  whatever  time  was  required  for  heating  the  mass  of  ice 
one  degree,  just  one  hundred  and  forty  times  as  much  will  be 
required  for  melting  it ; proving  that  140°  is  the  latent  heat  of 
water. 

If  two  similar  flasks,  one  filled  with  ice  at  32°,  and  the  other 
with  water  at  32°,  be  placed  in  the  same  oven  or  over  like 
flames,  the  water  will  gain  140  degrees  of  heat  while  the  ice  is 
merely  being  melted  into  water  at  32° : and  in  the  course  of  the 
experiment,  a correspondence  will  always  exist  between  the 
phenomena ; for  instance,  when  the  water  has  gained  14°  of 
heat,  it  will  be  found  that  just  a tenth  part  of  the  ice  is  melted. 

If  equal  quantities  of  hot  and  cold  water  be  mixed  together, 
the  whole  acquires  a middle  temperature,  each  degree  lost  by 
the  hot  water  becoming  a degree  gained  by  the  cold : but  if  a 
pound  of  broken  ice  at  32°,  and  a pound  of  water  140°  hotter 
be  mixed  together,  the  140°  of  heat  will  go  merely  to  melt  the 
ice,  for  there  will  result  two  pounds  of  water  at  32°. 

K a flask  of  water  at  32°  or  its  freezing  point,  and  a similar 
flask  of  strong  brine  (which  does  not  freeze  until  much  colder) 
also  at  32°,  be  exposed  together  in  the  same  cold  place,  it  will 
be  found  that  when  the  brine  has  lost  10°  of  its  heat  the  water 
flask  will  still  exhibit  an  undiminished  temperatm-e,  but  a four- 
teenth part  of  its  contents  will  be  converted  into  ice.  Now  as 
in  such  a case  the  water  flask  must  continue  to  radiate  away 
heat  just  as  much  as  the  other,  it  can  maintain  its  temperature 
only  by  absorbing  into  its  general  mass  the  heat  which  was 
latent  in  the  portion  of  water  frozen. 

910.  It  is  possible,  by  slowly  cooling  water  which  is  kept  in 
perfect  repose,  to  lower  its  temperature,  wliile  yet  liquid,  ten 
degrees  below  its  ordinary  freezing  point ; but  then,  on  the 
slightest  agitation,  ice  will  be  formed.  It  might  be  expected  in 
such  a case,  that  the  whole  water  would  instantly  freeze,  because 
all  of  it  is  colder  than  common  ice  ; but  no,  only  a fourteenth 
part  freezes,  and  singularly,  both  that  fourteenth  and  the  re- 
maining liquid  are  rendered  in  the  moment  ten  degi’ees  warmer 

rising  to  32°.  Here  the  140°  of  latent  heat  escaping  from 

the  fourteenth  part  of  the  water  which  freezes,  become  10°  of 
sensible  heat  for  the  whole  mass,  so  that  the  remaining  water 
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has  the  temperature  at  which  water  in  an  open  vessel  begins  to 
freeze. 

Strong  solutions  in  hot  water  of  various  neutral  salts,  if 
allowed  to  cool  while  exposed  to  atmospheric  pressure,  soon 
deposit  crystals  of  the  salts  ; but  in  a close  vessel  which  protects 
them  from  such  pressure,  they  will  remain  liquid  even  when 
cold.  Then  at  the  moment  of  opening  such  a vessel  to  admit 
the  pressure,  the  salt  immediately  crystallizes,  and  the  latent 
heat  given  out  by  the  solidifying  particles  warms  very  sensibly 
the  remaining  liquid  and  the  vessel. 

911.  From  the  preceding  facts  it  may  be  perceived,  that  the 
quantity  of  ice  formed  or  melted  in  any  case,  becomes  a correct 
measure  of  the  quantity  of  heat  transferred.  From  this  con- 
sideration, the  illustrious  Lavoisier  constructed  his  calorimeter, 
or  heat-measure.  It  is  a case  or  vessel  charged  with  ice,  and 
the  quantity  of  heat  given  out  by  any  body  placed  in  it  is 
indicated  by  the  quantity  of  water  collected  from  the  melted 
ice. 

Had  the  latent  heat  of  water  been  only  1°  or  2°  instead  of 
140°,  the  earth,  except  in  its  tropical  regions,  would  have  been 
scarcely  habitable  by  man.  The  cold  of  a single  night  might 
have  frozen  to  the  bottom  the  water  of  a deep  lake,  and  the  heat 
of  a single  day  might  have  converted  the  accumulated  snows 
of  a winter  into  one  sudden  and  most  destructive  inundation. 
As  the  fact  is,  however,  both  changes  are  beautifully  gradual, 
and  are  easily  controlled  or  prepared  for. 

The  fact  of  latent  heat  in  other  liquids  than  water  is  familiarly 
exhibited  in  the  slow  melting  of  various  substances,  as — of  the 
metals  ; lead  or  pig-iron  for  instance — of  butter  or  oils — of  glass, 
&c. ; and,  on  the  other  hand,  in  the  slow  solidification  of  any 
melted  masses  when  heat  is  again  withdrawn. 

912.  The  substances  below  enumerated,  while  passing  from 
the  solid  to  the  liquid  state,  absorb  and  render  latent  the  quan- 
tities of  heat  here  noted ; which  quantities  are  therefore  called 
the  latent  heats  of  the  liquids. 

Ice 140° 

Mercury 142 

Bees’-wax 175 

Tin 500 

Zinc 492 

If  a piece  of  frozen  mercury  (the  temperature  of  which  is  at 
least  40°  below  zero)  be  thrown  into  a little  water  at  32°,  the 
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latent  heat  of  the  water  immediately  passes  into  the  mercury 
and  melts  it ; but  singularly,  the  water  in  the  act  of  melting  the 
mercury  is  itself  frozen. 

913.  Many  substances,  chiefly  compounds  of  two  or  more 
elements,  as  wood,  starch,  wool,  ivory,  and  various  salts,  are  not 
melted  by  strong  heat,  but  are  decomposed. 

914.  It  is  a fact  to  be  mentioned  here  that  alloys  or  mixed 
metals  are  fusible  at  lower  heats  than  the  metals  separately. 
Common  solders  are  examples.  An  alloy  consisting  of  eight 
parts  of  bismuth,  five  of  lead,  and  three  of  tin,  melts  when  thrown 
into  boiling  water.  It  is  a kindred  fact  that  in  smelting  metallic 
ores  in  furnaces,  the  mixture  with  them  of  certain  other  sub- 
stances, as  lime,  facilitates  the  fusion. 

“ Latent  heat  of  aeriform  fluids^ 

915.  Water  in  a vessel  placed  over  a fii’e  gradually  attains 
the  boiling  temperature  or  212°,  but  afterwards  its  temperatiu-e 
rises  no  more,  because  the  further  addition  of  heat  becomes 
latent  in  the  steam  escaping  during  the  ebidlition.  One  way  of 
determining  the  quantity  of  heat  which  becomes  latent  in  steam 
is  to  note  how  much  more  time  is  required  for  boiling  a quantity 
of  water  to  dryness,  than  for  merely  heating  it  to  the  boiling 
point.  The  experiment  indicates  nearly  1,000  degi’ees ; that  is 
to  say,  nearly  five  and  a half  times  as  much  heat  becomes  latent 
in  any  quantity  of*  water  formed  into  steam,  as  would  raise  the 
temperature  of  that  quantity  from  freezing  to  boiling. 

916.  If  we  place  in  the  same  oven,  or  over  similar  flames, 
two  hke  vessels  containing  water,  one  of  which  is  open  at  top 
and  the  other  is  strongly  closed,  the  two  will  gain  heat  equally 
up  to  the  boiling  point,  but  afterwards  the  open  vessel,  from 
giving  out  steam,  will  remain  at  the  same  temperature,  while  the 
other,  by  retaining  all  the  heat  which  enters,  will  show  the  tem- 
perature continuing  to  rise,  as  before,  until  the  increasing  tendency 
of  the  water  to  dilate,  forces  the  vessel  open  or  bursts  it.  Sup- 
posing the  water  in  the  latter  vessel,  before  vent  is  given,  to 
have  become  100°  hotter  than  common  boiling  water,  instead  of 
the  whole  when  set  at  libei’ty,  being  immediately  converted  into 
steam,  as  might  be  expected,  only  about  a tenth  part  will  be  so 
changed, — the  same  quantity  as  will  be  found  to  have  already 
escaped  from  the  other  vessel — for  the  tenth  part  requiring  in 
the  form  of  steam  1,000°  of  latent  heat,  will  take  the  excess  of 
100°  from  the  other  nine  parts,  and  will  leave  them  in  the  state 
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of  common  boiling  water.  If,  however,  water  heated  consider- 
ably beyond  the  boiling  point  be  allowed  to  expand  very 
suddenly,  the  whole  is  blown  out  of  the  vessel  as  a mist,  by  the 
steam  formed  at  the  same  instant  through  every  part  of  the 
mass,  but  the  whole  mass  in  such  a case  is  no  more  converted 
into  steam,  than  the  whole  of  a bottleful  of  very  brisk  soda 
water  is  converted  into  gas  when  similarly  thrown  out  by  the 
sudden  extrication  of  the  carbonic  acid  gas,  on  uncorking  the 
bottle.  Misconception  of  this  matter  has  led  to  very  wasteful 
experiments  on  steam-engines  of  unusually  high  pressure.  It 
has  been  said  that  the  water  in  such  cases  is  “flashed  into 
steam.” 

917.  The  same  indication  as  to  the  latent  heat  of  steam  is 
obtained  by  the  converse  experiment  of  first  converting  a given 
quantity  of  water  into  steam,  and  then  admitting  it  to  cold 
water  or  to  ice.  A pound  of  steam  so  treated  'will  raise  the 
temperatm’e  of  ten  pounds  of  cold  water  100  degrees,  or  will 
melt  about  seven  pounds  of  ice. 

In  the  great  quantity  of  heat  which  becomes  latent  in  steam, 
we  perceive  the  reason  why  water  projected  upon  a raging  fire 
so  powerfully  represses  it ; and,  again,  why  fire  and  water  are  so 
often  associated  proverbially  as  exemjalifying  a fierce  antagonism. 

918.  Substances  differ  among  themselves  in  regard  to  the 
latent  heat  of  their  vajDOurs  as  much  as  in  their  other  relations 
to  heat.  Thus  the  latent  heat  of  the  vapour  or  steam  of — 
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919.  From  the  less  abundant  latent  heat  in  these  last-men- 
tioned vapours  than  in  that  of  water,  one  might  at  first  suppose 
that  there  would  be  great  advantage  from  using  them  in  steam- 
engines.  Accordingly,  numerous  experiments  have  been  made, 
and  patents  secured,  under  this  idea ; but  the  fact  is,  that  in  the 
same  proportion  as  the  latent  heat  is  less,  the  volume  of  the 
vapour  is  less,  and  therefore  no  mechanical  advantage  is  obtain- 
able. / 

The  influence  of  external  pressure  in  keeping  the  particles  of 
water  and  other  liquids  together,  in  opposition  to  the  repulsion 
of  heat  seeking  to  render  their  mass  aeriform,  was  considered  in 
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the  chapter  on  “ Pneumatics but  to  render  the  present 
section  complete,  the  subject  is  here  shortly  resumed. 

920.  Because  water,  or  any  liquid  under  the  pressure  of  the 
atmosphere,  while  receiving  heat,  remains  tranquil,  and  ap- 
parently unchanged,  until  it  reaches  what  is  called  its  boiling 
point,  at  which  the  bubbling  or  conversion  into  vapour  takes 
place,  we  might  deem  that  temperature  necessary,  under  any 
circumstances,  to  enable  it  to  assume  or  to  maintain  the  form  of 
ah’.  But  this  is  no  more  true  than  that  a common  spring  com- 
pressed by  any  obstacle  or  force,  has  no  tendency  to  expand 
until  the  moment  when  at  last  it  overcomes  the  obstacle. 
Liquid  water  with  heat  to  whatever  amount  is  really  a spring 
compressed  by  a weight  of  atmosphere,  and  seeking  to  expand 
itself  into  steam  with  force  proportioned  to  its  temperature. 
Even  at  32°,  or  its  freezing  point,  as  is  found  by  placing  it  in  a 
vacuum,  it  assumes  the  form  of  air,  with  a force  or  pressure  of 
IJ  ounce  for  eveiy  square  inch  of  its  sm’face,  and  is  restrained 
from  giving  out  more  only  by  the  counter-pressure  of  that  which 
has  escaped  ; and  at  any  higher  temperature,  to  correspond  with 
the  greater  power  of  dilatation,  the  restraining  force  must  also 
be  greater : at  100°,  for  instance,  it  must  be  13  ounces  on  the 
inch;  at  150°,  4 lbs;  at  212°,  15  lbs. ; at  250°,  30 lbs. ; and  so 
on,  as  stated  in  Article  606.  And  when  the  restraining  force  is 
considerably  weaker  than  the  expansive  tendency,  the  formation 
of  steam  takes  place  rapidly,  not  from  the  surface  only,  but  also 
from  within  the  substance  of  the  liquid,  so 
b as  to  produce  the  bubbling  and  agitation 
called  foiling.  It  is  because  the  atmosphei-e 
or  ocean  of  air  which  surrounds  the  earth 
happens  to  have  in  it  15  lbs.  weight  of  air 
over  every  square  inch  of  the  earth’s  surface, 
and  presses  on  all  things  there  accordingly, 
that  212°  has  come  to  be  called  tlie  boiling 
point  of  water.  An  atmosphere  less  heavy 
would  have  allowed  liquids  to  expand  into 
vapour  at  lower  temperatures,  and  an  atmo- 
sphere more  heavy  would  have  had  a contrary 
effect. 

j The  exact  degree  of  expansive  force  for 
every  degree  of  temperature  in  water  and 
other  liquids,  has  been  ascertained  in  various  ways ; for  instance. 
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by  lieating  them  in  vessels  furnislied  either  with  fitly-loaded 
valves,  as  at /in  this  figure,  or  in  vessels  having  from  the  bottom 
a tall  upright  tube,  as  d h,  into  which  water  in  the  upper  part 
may  force  a column  of  mercury  from  below  to  an  elevation, 
marking  exactly  the  expansive  tendency — the  valve  or  the  mer- 
cury being  of  course,  for  the  time,  protected  from  the  external 
atmospheric  pressure,  or  the  necessary  allowance  being  made  for 
that  pressure. 

922.  Boiling  at  the  bottom  of  a deep  vessel  is  resisted  by  the 
weight  of  liquid  above,  in  addition  to  that  of  the  atmosphere,  as 
already  explained,  and  consequently  the  temperature  at  which 
it  occurs  is  higher  than  near  the  surface  of  the  vessel.  Boiling 
heat  is  greater  also  in  deep  mines,  where,  of  course,  there  is 
additional  depth  and  weight  of  atmosphere  over  any  exposed 
liquid ; it  is  so,  too,  when  at  any  time  the  barometer  is  unusually 
high,  that  is  to  say,  when  the  atmosphere  is  unusually  heavy ; 
in  cases  also  where,  by  the  containing  vessel,  air  or  steam  is 
confined  over  a boiling  surface  so  as  to  press  strongly  upon  it, 
as  when  brewers  for  a time  shut  the  lid  or  valve  of  their 
great  boilers,  &c.  Water  placed  on  the  fire  in  a vessel  from 
which  steam  cannot  escape,  may  be  rendered  almost  red-hot 
without  a bubble  forming  or  one  particle  being  dissipated  ; but 
the  tendency  to  expand  into  steam  is  then  great  enough  to  burst 
very  strong  vessels.  The  Marquis  of  Worcester  exploded  a 
cannon  by  shutting  up  water  in  .it,  and  then  sun’ounding  it  with 
fire.  On  the  other  hand,  boiling  temperature  is  lower  on  moun- 
tains, or  in  any  situation  above  the  level  of  the  sea,  where 
there  is  less  height  of  air  resting  over  the  boiler.  In  the  city  of 
Mexico,  which  is  on  a table-land  7471  feet  above  the  sea,  water 
boils  before  it  reaches  the  heat  of  200°.  A thermometer,  when 
used  for  determining  the  height  of  mountains,  balloon  ascents, 
&c.,  merely  by  showing  the  heat  of  boiling  water  in  any  situ- 
ation, is  a good  illustration  of  this  truth.  If  in  any  place  the 
atmospheric  pressure  is  removed  from  a liquid,  as  by  placing  it 
in  the  receiver  of  an  air-pump,  it  will  boil  at  very  low  tempera- 
ture indeed.  Water  thus  treated  boils  at  the  heat  of  an  English 
summer  day;  and  ether  boils  when  colder  than  common  ice. 

923.  As  water  at  any  temperature  is  tending  to  dilate  itself 
into  steam,  with  force  proportioned  to  the  temperature,  tlie 
temperature  of  the  water  in  the  boiler  of  a steam-engine  tells 
the  degree  of  force  with  which  the  steam  is  acting  on  the  piston. 

The  same  law  holds  for  steam  as  for  aeriform  fluids  generally. 
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viz.,  that  the  outward  elasticity  or  spring  increases  in  proportion 
as  the  fluid  is  more  condensed.  Higli-pressure  steam,  therefore, 
is  merely  condensed  steam,  just  as  high-pressm-e  air  is  condensed 
air ; and  to  obtain  a double  or  triple  pressure,  there  must  be 
twice  or  thrice  the  quantity  of  steam  under  the  same  volume. 

924.  The  reason  that  high-pressure  steam  issuing  ^from  a 
boiler  heated  to  300°  or  more,  affects  a thermometer  only  as 
low-pressure  steam  from  a boiler  at  212°,  is,  that  in  the  instant 
Avhen  such  steam  escapes  into  the  air,  it  expands  until  balanced 
by  the  pressure  of  the  atmosphere,  that  is,  until  it  becomes  low- 
pressure  steam,  and  it  is  cooled  by  the  expansion,  as  air  is  cooled 
on  escaping  from  any  condensation.  And  further,  in  rushing 
against  the  thermometer,  it  carries  much  of  the  surrounding  cold 
ah'  with  it. 

925.  The  vessel  called  Pa^nn’s  Digester,  is  a metalhc  pot  or 
boiler,  which  can  be  kept  closed  by  a regulating  valve  against 
the  force  of  the  steam  formed  within  it ; and  in  such  a vessel 
water  can  be  heated  considerably  beyond  the  ordinary  boihng 
point, — sufficiently,  for  instance,  to  dissolve  and  extract  all  the 
gluten  or  jelly  of  bones  immersed,  and  so  to  form  from  them  a 
rich  soup  where  ordinary  boiling  would  get  nothing. 

The  cook  who  increases  the  fire  under  a boihng  pot  with  the 
hope  of  making  the  water  hotter,  is  foolishly  wasting  the  fuel, 
for  the  water  can  only  boil,  and  it  does  boil  at  212°  of  the  ther- 
mometer. 

926.  As  different  substances,  under  any  given  pressure,  become 
aeriform  at  different  temperatures,  mixtures  of  such  may  be  de- 
composed by  heat.  If  a mixture  of  alcohol  and  water,  for  in- 
stance, be  placed  over  a fire,  the  alcohol  will  boil  off  long  before 
the  water  ; and  if  the  vapour  be  directed  into  a cold  tube  or 
vessel,  it  takes  the  liquid  condition,  and  the  operation  is  called 
Distillation. 

927.  The  little  instrument  here  represented,  called  the  Cryo- 
pliorus  (carrier  of  cold),  illustrates  well  some  of  the  principles 
above  set  forth.  It  consists  of  a bent  glass  tube  blown  into  bulbs 

at  the  ends  a and  h,  and  hermetically 
sealed,  after  receiving  into  it  some 
water,  but  no  air.  There  will  always 
be  in  the  apparently  empty  part  a 
steam  or  aeriform  water  of  density  depending  on  the  tempera- 
ture. If  one  of  the  bulbs  be  heated  more  than  the  other,  the 
steam  over  water  in  that  one  will,  for  the  reason  stated  above,  be 
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denser  and  stronger  than  in  the  other,  and  will,  therefore,  be 
forcing  its  way  into  the  other ; where,  owing  to  the  lo^ver  tem- 
l^erature,  a part  of  it  will  be  constantly  relapsing  into  the  state 
of  water,  and  making  room  for  more.  Hence,  if  the  difference 
of  temperature  between  the  bulbs  be  long  maintained,  the  whole 
water  Avill,  by  a sort  of  distillation,  gradually  pass  into  the  colder 
bulb.  Two  other  remarkable  facts  which  this  instrument  can 
exhibit  are — 1st,  that  if  held  with  the  tube  nearly  level,  and  under- 
most, the  warmth  of  a hand  grasping  one  bulb,  will  form  steam, 
causing  all  the  water  to  pass  rapidly  to  the  other,  and  to  boil 
there  ; and  2nd,  that  by  dipping  one  of  the  bulbs,  nearly  empty, 
into  a freezing  mixture,  or  by  cooling  it  through  the  evaporation 
of  ether  from  its  external  surface,  the  condensation  of  the  steam 
within  will  bring  back  part  of  the  water  from  the  other  bulb,  and 
null  cause  the  remainder  left  there  to  freeze  or  become  ice. 

928.  When  a liquid  has  reached  the  temperature  at  which  it 
boils,  that  is  to  say,  at  which  its  power  of  emitting  vapour  be- 
comes rather  more  than  a balance  to  the  atmospheric  pressure, 
its  dilating  force  is  very  strong.  Persons  may  not  reflect  that 
15  lbs.  on  a square  inch,  which  is  the  atmospheric  pressure,  is 
2160  lbs.  on  a square  foot, — and  such  is  the  power  with  which 
the  vapour  of  all  boiling  substances  open  to  the  air  rises  from 
them — sufficient  in  a large  steam-engine  to  urge  the  piston  with 
the  force  of  600  horses ! But  at  temjDeratures  far  below  boiling, 
the  tendency  to  expand,  as  already  stated,  is  still  very  great,  and 
although  not  attracting  common  attention,  is  silently  working 
most  important  ends  in  the  economy  of  nature. — As  into  a per- 
fect vacuum,  freezing  water,  or  even  solid  ice,  gives  out  a steam 
or  vapour  which  can  lift  an  opposing  weight  with  a force  oi 
ounce  per  inch,  or  16  lbs.  on  a square  foot,  so  also  do  many  other 
liquids  and  solids.  Thus,  in  the  apparently  empty  space  called 
the  Torricellian  vacuum,  existing  over  the  mercury  in  a baro- 
meter tube,  there  is  always  an  aeriform  mercury,  more  or  less 
dense  in  proportion  to  the  temperature  ; and  around  camphor, 
the  essential  or  volatile  oils,  and  other  things,  there  is  always  an 
atmosphere  of  the  substance,  in  the  form  of  ah,  whether  in  other- 
wise empty  space,  or  mixed  with  common  ah’. 

929.  It  had  long  been  Imown  that  into  space  rendered  a 
vacuum  many  bodies  emitted  quickly,  in  the  form  of  gas,  a quan- 
tity of  their  substance  proportioned  to  their  temperature ; but  it 
was  but  lately  that  Dalton  made  the  important  discovery  that 
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into  space  containing  air  these  vapours  arise  in  quantity  the  same 
as  if  air  Avere  not  present — tlie  two  fluids  seeming  to  exist  there 
independently  of  each  other,  with  the  exception,  however,  that 
in  a vacuum  the  equable  diffusion  of  a vapour  takes  place  at  once, 
while  in  a situation  already  occupied  by  air  it  proceeds  more 
slowly,  as  the  vapour  has  to  force  its  way  through  the  particles 
of  the  air,  and  it  then  takes  place  by  a tranquil  evaporation  from 
the  surface  instead  of  by  the  agitation  of  ebullition.  In  an  apart- 
ment with  an  open  vessel  of  water  in  it,  there  is  soon,  although 
invisible,  a steam,  or  watery  vapour  mingled  Avith  the  air,  as  dense 
as  if  the  room  had  been  a vacuum  at  the  same  temperature. — 
Consequences  of  this  important  truth  are  the  folloAving : 

930.  That  it  is  only  an  atmosphere  of  any  volatile  substance, 
which  by  pressing  on  the  mass  of  it  can  prevent  its  further  dis- 
sipation by  heat.  Thus  camphor,  musk,  essential  oils,  spirits, 
water,  &c.,  can  be  preserved  only  by  placing  them  in  closed 
bottles  or  vessels,  in  which,  additionally  to  the  air  present,  an 
atmosphere  of  their  own  substance  is  formed. 

The  important  process  of  drying  any  moist  object  is  merely 
the  placing  it  under  an  elevated  temperature  if  attainable,  and 
in  an  atmosphere  not  containing  so  much  moisture  as  to  be  satu- 
rated at  the  temperature.  The  effect  of  wind  or  motion  of  the 
air  in  quickening  evaporation,  is  owing  to  its  removing  air  satu- 
rated with  the  moisture,  and  substituting  air  which  is  not. 

If  air  at  a certain  temperature  contain  mixed  Avith  it  as  much 
water  as  can  be  sustained  in  the  form  of  invisible  vapour  at  that 
temperature,  and  if  then,  by  any  cause,  as  rising  in  the  atmo- 
sphere, the  air  be  cooled,  it  will  abstract  heat  from  the  vapour, 
and  cause  a portion  to  be  precipitated  or  visibly  condensed  into 
a fog  or  rain.  Water  rising  as  invisible  vapom’  from  the  surfaces 
of  lakes  or  rivers,  often,  when  it  has  reached  a certain  height 
and  is  cooled,  condenses  into  the  stratum  of  clouds  wliich  there 
appears,  and  which  for  a time  may  be  usefully  protecting  the 
fields  from  the  intense  meridian  sun,  or  may  fall  again  as  re- 
freshing showers  over  the  country. 

It  is  the  tranquil  and  invisible  evaporation  of  AA'liich  we  are 
now  spealdng,  which  lifts  from  the  surface  of  the  globe  all  the 
water  Avhich,  after  condensation,  returns  to  the  ocean  in  the 
form  of  the  myriads  of  river  streams  which  give  life  and  beauty 
to  the  face  of  nature. 

931.  There  are  other  instances  of  vapour  which  is  invisible 
while  at  a certain  moderate  temperature,  but  is  copiously  pre- 
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cipitated  wlien  tlie  air  with  which  it  ig  mixed  is  cooled,  or  when 
it  touches  a colder  solid  body ; such  are — the  steam  observed  at 
night  and  morning  hovering  over  brooks  and  marshes  heated  by 
the  sun  during  the  day : — the  frost-smoke,  as  it  is  called,  which 
lies  on  the  whole  face  of  the  G-reenland  seas  in  the  beginning  of 
winter,  where  the  water,  warmed  by  the  long  day  of  the  polar 
summer,  continues  to  emit  its  vapour  for  a considerable  time 
after  summer  is  past,  into  an  atmosphere  become  too  cold  to 
preserve  it  invisible : — the  breath  or  perspiration  of  animals,  of 
horses  in  particular  after  strong  exertion,  becoming  so  strikingly 
visible  in  cold  and  damp  weather,  or  even  in  warm  weather, 
when  the  air  is  already  charged  with  moisture  : — in  cities 
where  there  are  deep  drains  communicating  with  kitchens, 
manufactories,  &c.,  and  constantly  filled  with  moist  and  warm 
air;  the  vapour-loaded  air,  although  clear  or  transparent  in 
the  drain,  immediately  on  escaping  into  a frosty  atmosphere, 
lets  go  its  moisture,  with  the  appearance  of  steam  issuing 
from  a great  subterranean  cauldron.  Steam  over  water  in 
any  boiler  is  transparent  or  perfectly  aeriform — as  may  be 
seen  when  water  is  made  to  boil  in  a vessel  of  glass ; but  as  soon 
as  it  is  cooled,  by  contact  or  admixture  of  colder  air,  it  ceases  to 
be  true  steam,  and  is  condensed  into  small  particles  of  water 
suspended  in  the  air.  Many  persons,  while  thinking  of  steam, 
figure  it  only  in  this  last-mentioned  condition,  of  particles  ©f 
water  mixed  with  air  nearly  as  a subtle  powder  might  be  mixed. 
Until  steam  is  cooled  and  condensed,  it  is  of  a nature  to  fill 
alone  any  appropriate  vessel  and  powerfully  to  distend  it,  just  as 
air  fills  and  distends  a bladder.  Steam  issuing  from  the  spout 
of  a tea-kettle  is  hardly  seen  near  the  mouth,  but  as  its  distance 
from  the  spout  increases,  it  is  cooled  into  a jet  of  thick  cloud  or 
vapour. 

932.  In  a vessel  from  which  air  and  therefore  atmospheric  pres- 
sure are  excluded,  even  the  temperature  of  freezing  water  is  sufiS- 
cient  to  maintain  permanently  in  the  state  of  invisible  gas  many 
substances  which  exist  as  liquids  under  the  atmospheric  pressure. 
And  a large  mass  of  any  such  substance  when  placed  in  a 
vacuum,  is  not  instantly  converted  into  gas,  because  the  portion 
which  first  rises  becomes  an  atmosphere  compi’essing  what  re- 
mains, and  because,  moreover,  that  portion,  by  absorbing  from  the 
mass  much  heat  into  the  latent  state,  cools  the  mass  very  much. 
We  see,  therefore,  why  liquids  are  so  rapidly  cooled  when  placed 
wherever  a vacuum  can  be  made  and  maintained;  that  is  to  say, 
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Avliere,  after  common  air  has  been  removed,  the  aeriform  matter 
rising  from  the  liquid  and  absorbing  its  sensible  heat,  is  also 
promptly  and  in  a continued  manner  abstracted.  It  is  thus  that 
water  placed  in  the  exhausted  receiver  of  an  air-pumj)  is  so 
rapidly  cooled,  and  that  when  there  is  placed  beside  it  a vessel 
of  concentrated  sulphuric  acid,  or  other  substance  capable  of 
absorbing  the  watery  vapour  as  formed,  it  is  soon  reduced  to  the 
state  of  ice ; or  again,  that  water,  or  even  mercury,  in  a cup 
surrounded  by  ether  evaporating  in  a vacuum,  is  so  quickly 
frozen.  This  is  further  explanation  of  the  experiment  described 
in  Art.  927. 

933.  As  it  has  been  explained  now,  that  in  a liquid  there  is 
the  same  tendency  to  evaporate  whether  it  be  or  be  not  exposed 
to  the  air,  we  see  the  reason  why  all  evaporation  is  a very  cool- 
ing process.  The  effect,  however,  in  air  is  neither  so  rapid  nor 
so  great  as  in  a vacuum,  first,  because  the  presence  of  the  air 
impedes  the  spreading  of  the  newly-formed  vapour  from  the 
liquid  surface,  and  keeps  it  where  its  pressure  resists  the  forma- 
tion of  more  vapour ; and,  secondly,  because  the  air  in  contact 
with  the  liquid,  gives  part  of  its  heat  to  the  liquid.  Still  in 
India,  flat  dishes  of  water,  placed  during  the  night  on  beds  of 
twigs  and  straw  kept  wet,  and  in  a current  of  air,  soon  exhibit 
thin  cakes  of  ice  on  the  surface. 

The  absorption  of  latent  heat  in  the  evaporation  which  goes  on 
from  the  sea  and  earth  in  all  warm  climates,  greatly  tempers  the 
heat  of  these  climates ; and  the  vapour  afterwards  spreading  to 
the  poles,  as  explained  in  “ Pneumatics,”  under  the  head  of 
Winds,  carries  warmth  thither  to  be  given  out  as  it  is  recon- 
densed into  the  form  of  rain,  or  is  solidified  as  snow.  The  forma- 
tion an^nvhere  of  mist  or  rain  warms  the  supporting  air,  by 
the  liberation  of  the  latent  heat  from  the  precijDitated  vapour. 
Again,  the  water  which  during  winter  is  converted  into  snow  or 
ice,  had  been  a reservoir  of  latent  heat  given  out  to  temper  the 
frosty  air  of  the  cold  season;  and  in  the  following  spring,  such 
ice  and  snow  may  serve  as  receptacles  in  which  the  fii’st  violence 
of  the  returning  sun  may  hide  or  expend  itself.  The  vast 
stores  of  ice  and  snow  among  high  mountains,  as  among  the 
Alps  and  Pyrenees,  serve  often  during  the  summer  as  stores  of 
mild  temperature  to  regions  around  : for,  besides  cooling  the  air 
near  them,  they  are  the  never-failing  sources  of  the  cool  rivers 
which  run  from  them  during  the  -whole  of  summer,  caiTying 
freshness  throughout  distant  lands. 
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934.  Persons  in  artificially  raising  temperature,  arc  generally 
causing  the  liberation  of  heat  NYhich  had  been  previously  latent ; 
and  in  lowering  temperature  or  producing  cold,  they  are  gene- 
rally rendering  a quantity  of  heat  latent  winch  had  previously 
been  free. 

The  theory  of  Lavoisier,  which  for  a time  prevailed,  was  that 
the  heat  of  all  combustion  was  merely  the  latent  heat  of  the 
oxygen  gas  concerned  in  the  combustion,  given  out  during  its 
combination  with  the  burning  body.  This  is  true  in  part,  but 
we  know  now  that  much  also  depends  on  the  intensity  of  the 
chemical  action  which  takes  place  between  the  combining  sub- 
stances. Water  thrown  upon  quicklime  to  slake  it,  becomes 
solid  in  combination  with  the  lime,  and  gives  out  its  latent 
heat. 

935.  When  dwelling-houses,  green-houses,  manufactories,  &c., 
are  warmed,  as  is  now  common,  by  the  admission  of  steam 
into  systems  of  pipes  which  branch  over  them,  the  heat  is  that 
which  was  previously  latent  in  the  steam,  and  which  spreads 
aroimd  as  soon  as  the  steam,  by  touching  pipes  of  lower  tem- 
perature, is  condensed  to  a state  of  water. 

Again,  for  producing  cold  artificially,  the  processes  generally 
involve  the  conversion  either  of  a solid  into  a liquid,  during 
which  it  takes  and  hides  in  its  new  constitution  as  latent  heat 
much  of  the  heat  previously  sensible  in  it,  and  in  the  liquid 
which  dissolves  it ; or  of  a liquid  into  vapour,  during  which 
heat  equally  becomes  latent.  Thus  by  dissolving  a salt — nitre, 
for  instance — in  water,  we  obtain  a solution  which  is  very 
cold.  In  India  a common  mode  of  cooling  wine  for  table  is  to 
surround  the  bottles  with  nitre  thus  melting ; and  the  water  of 
the  solution  being  evaporated  again  before  next  day,  the  salt  is 
left  ready  for  use  as  before. 

936.  Such  is  the  mutual  attraction  of  water  and  many  salts, 
that  they  readily  combine,  assuming  the  liquid  form,  even  when 
tlie  water  is  used  in  the  solid  state  of  ice ; and,  as  in  that  case, 
both  the  water  and  the  salt  render  heat  latent,  the  fall  of  tem- 
perature is  doubly  gi’eat.  Thus,  common  salt  at  50°  and  snow 
(or  ice)  at  32°,  when  mixed,  dissolve  into  liquid  brine  37°  colder 
than  freezing  water,  or  5°  below  the  zero  of  Fahrenlieit. — This 
action  of  salt  on  ice  leads  to  the  common  practice  of  sprinkling 
salt  on  an  ice-covered  pavement  before  a street  door  to  clear 
away  the  ice.  The  salt  and  ice  quickly  combine  and  form 
liquid  brine,  which  either  of  itself  runs  off  into  the  gutter  and 


462 


HEAT. 


disappears,  or  is  easily  swept  off.  It  is  true  that  the  brine  is 
at  first  a powerfully  refrigerating  mixture,  which  cools  still  more 
the  pavement  and  the  neighbouring  ice. 

The  following  is  a short  table  of  easily  procured  freezing 
mixtures ; — 


937.  Frigorijio  Mixtures. 


Sulistances  mixed. 


Common  salt  .... 

Snow,  or  pounded  ice  . . 

. 2 parti 

Common  salt  .... 

. 5 

Snow  or  ice 

. 12 

Nitrate  of  ammonia  . . 

. 5 

a 

Snow 

. 3 

>> 

Diluted  sulphuric  acid 

. 2 

Nitrate  of  potash  . . . 

. 4 

5) 

Water 

. 3 

Sulphate  of  soda  . . . 

. 8 

>> 

Muriatic  acid  .... 

. 5 

99 

Thermometer  sinks. 

From  temperature  of  50°  above  to  5° 
below  zero. 

From  temperature  of  50°  above  to  25° 
below  zero. 

From  20°  below  to  60°  below  zero. 
From  50°  above  to  4°  above  zero. 

From  50°  above  to  0°  or  zero. 


“ For  any  given  substance,  the  changes  of  state  from  solid  to 
liquid,  and  from  liquid  to  air,  happen,  under  similar  cir- 
cumstances, so  precisely  at  the  same  temperature,  that  they 
mark  fixed  points  in  a general  scale  of  temperature,  and 
enable  us  to  regulate  and  compare  our  various  thermo- 
meters.” (See  Analysis,  page  406.) 

938.  As  we  can  neither  weigh  heat,  nor  measure  its  bulk,  nor 
see  it,  and  as,  even  if  our  sense  of  touch  were  a correct  judge  in 
the  matter,  which  it  is  not,  Ave  dare  not  touch  things  that  are 
very  hot  or  cold,  some  other  expedient  was  wanted  for  estimating 
the  presence  in  bodies  of  this  very  subtle  something ; and  that 
has  been  found  in  the  measuring  of  its  most  obvious  and  constant 
effect,  namely,  that  dilatation  or  expansion  of  bodies  when 
heated  which  again  ceases  when  the  heat  is  AA'ithdraAvn.  Any 
substance  so  circumstanced  as  to  allow  this  expansion  to  be 
accurately  measured,  becomes  to  us  a thermometer  or  measure  of 
heat. 

939.  In  solid  substances,  the  direct  expansion  by  heat  is  so 
small  as  to  be  seen  or  measured  with  difficulty.  In  air,  again, 
the  expansion  is  very  great : but  there  is  the  objection  that  in 
any  apparatus  yet  contrived,  which  Avill  alloAV  that  completely 
to  appear,  the  air  cannot  be  protected  from  the  varying  pressure 
of  the  atmosphere — an  influence  which  affects  its  volume  as 
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much  as  changes  of  temperature.  Liquids,  however,  are  free 
from  both  disad vantages,  and  when  a small  quantity  is  placed 
in  a glass  bulb,  as  a,  having  a long  neck  or  stalk  a h,  into 
which  it  may  rise  to  be  measured,  when  expanded  by  heat,  they 
form  the  most  generally  convenient  kind  of  6 a 
thermometer.  Then,  among  liquids,  mercury 

is,  on  several  accounts,  peculiarly  suitable.  In 

it,  the  range  of  temperature,  between  its  freez- 
ing and  boiling,  is  greater  than  in  any  other 
liquid,  and  it  reaches  a lower  point  than  any 
except  alcohol,  or  ether  ; its  little  capacity  for 
heat,  and  ready  conducting  power,  cause  it  to  y 
be  very  quickly  affected  by  change  of  tempera- 
ture ; its  expansion  is  singidarly  equable  for  ^ 
equal  increase  of  heat  through  the  important  middle  part  of  the 
scale,  which  includes  the  common  temperatures  on  earth,  namely, 
from  the  freezing  to  the  boiling  heat  of  water ; and  it  is  easy  to 
proportion  the  bulb  and  the  stalk  to  each  other,  so  that  a small 
difference  of  temperature  shall  cause  the  mercurial  column  in 
the  stalk  to  rise  or  faU  very  conspicuously. 

940.  Now  when  the  important  fact  was  ascertained  that  solid 
water  or  ice  melts  everywhere  at  precisely  the  same  tempera- 
ture, and  that  pure  liquid  water  in  a metallic  vessel,  and  under 
a given  atmospheric  pressure,  boils  always  at  the  same  tempera- 
ture, it  followed  that  by  placing  such  a thermometer  as  above 
described,  first  in  melting  ice,  and  then  ;in  boiling  water,  and 
marking  upon  the  stallc  the  two  points  at  which  the  mercury 
stands,  as  represented  here  by  F and  B,  two  fixed  or  invariable 
points  of  reference  are  obtained,  and  the  interval  between  them 
can  be  divided  on  the  glass,  or  on  a suitable  scale  attached  to 
the  glass,  into  any  convenient  number  of  parts  to  be  called 
degrees.  It  follows  farther,  that  by  continuing  the  divisions  to 
any  extent  both  above  and  below  the  fixed  points,  a general 
scale  of  temperature  would  be  obtained,  with  respect  to  which 
all  thermometers  made  on  the  same  principle  would  perfectly 
agree,  although  the  size  of  the  divisions  on  the  stalks  would  vary 
in  the  different  instruments  according  to  the  comparative 
capacities  of  the  bulb  and  stalk.  Newton  had  the  honour  first 
to  propose  as  points  of  comparison,  the  points  of  freezing  and 
boiling  water,  and  these  are  now  universally  adopted.  The 
interval  between  them,  however,  has  been  variously  subdivided 
— that  is  to  say,  there  has  not  been  agreement  as  to  what  would 
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be  conveniently  called  a degree  of  heat.  In  the  Centigrade 
thermometer,  which  is  the  most  simple,  and,  doubtless,  will  at 
last  be  generally  used,  the  division  is  into  100  equal  parts  : in 
Eeaumur’s,  long  employed  in  France,  it  is  into  80  parts ; and 
in  Fahrenheit’s,  still  commonly  used  in  England,  and,  therefore, 
referred  to  in  this  book,  it  is  into  180°.  In  Fahrenheit’s,  more- 
over, the  freezing  point,  instead  of  being  called  zero,  as  is  more 
suitable,  is  called  32°,  because  the  maker  happened  to  begin 
counting  from  the  lowest  heat  which  he  met  in  Iceland,  and 
which  was  32  of  his  degrees  below  the  freezing  point  of  water. 
To  turn  the  degrees  of  any  one  of  these  tliermometers  into 
degrees  of  any  other,  we  have  only  to  recollect  that  9°  of 
Fahrenheit  are  equal  to  5°  of  the  Centigrade,  and  to  4°  of 
Eeaumur.  Therefore,  according  to  the  common  rule  of  three, 
multiplying  by  9 and  dividing  by  5 or  4,  or  the  reverse,  and 
adding  or  subtracting  the  32°  of  Fahrenheit  when  required, 
gives  the  result  desired.  (See  the  Appendix.) 

941.  The  bulb  of  a mercurial  thermometer  is  formed  by 
heating  to  softness,  in  the  flame  of  a lamp,  the  end  of  a glass 
tube,  which  has  a very  small  and  equable  bore,  and  then  blow- 
ing into  the  tube  until  the  softened  end  swells  like  a soap-bubble 
to  the  size  desired.  The  mercury  is  forced  into  such  a bulb 
through  the  long  stalk  by  the  pressure  of  the  atmosphere,  thus  : 
First,  a portion  of  the  air  originally  in  the  bulb  being  exjDelled 
by  warming  the  bulb,  the  open  end  of  the  stalk  is  immersed  in 
mercury,  and  when  the  air  remaining  in  the  bulb  cools  and 
contracts,  a little  mercury  is  pressed  in  by  the  atmosphere. 
Secondly,  this  admitted  mercury  having  been  made  to  boil,  so 
as  to  flU  with  its  vapour  the  whole  capacity  of  the  bulb  and  tube, 
and  thereby  to  expel  all  air,  on  the  open  end  being  again 
immersed  in  mercury,  and  the  mercurial  vapour  within  being 
condensed  by  cold,  the  atmosphere  presses  in  fresh  mercury  to 
fill  the  whole.  To  complete  the  operation,  the  bulb  is  again 
heated  to  expel  so  much  of  the  mercury  as  that  when  cold  the 
tube  shall  be  about  one-third  full  of  it,  and  then,  before  the 
heated  mercury  begins  to  recede,  the  end  or  opening  of  the  tube 
is  hermetically  closed  by  directing  upon  it  the  point  of  a blow- 
pipe flame,  which  fuses  the  glass. 

Although  the  direct  expansion  of  any  solid  body  by  a moderate 
change  of  temperature  is  so  inconsiderable  as  to  be  witli  difticulty 
measiu-ed,  M.  Breguet,  of  Paris,  ingeniously  contrived  a solid 
thermometer  which  makes  it  very  evident.  (Article  902.) 
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942.  Air  is  a substance  on  several  accounts  well  adapted  to 
the  formation  of  a thermometer ; for  it  has  great  extent  of 
dilatation  from  small  increase  of  heat;  it  quickly  receives 
impression,  and  its  dilatation  is  equal  for  equal  increments  of 
heat  at  all  temperatures : — but,  as  already  stated,  there  is  the 
strong  objection  that  the  pressure  of  the  atmosphere  cannot  be 
excluded,  without  at  the  same  time  confining  the  air,  and 
affecting  its  expansion.  Px’ofessor  Leslie,  however,  devised  tor 
particular  purposes  an  air-thermometer,  which  he  employed 
very  usefully,  calling  it  the  differential  thermometer.  It  consists 
of  two  bulbs  d and  1),  filled  with  aii*,  and  connected 
by  a bent  tube  d c,  containing  liquid — the  instru- 
ment being  hermetically  sealed,  so  that  the 
atmosphere  cannot  affect  the  air  within.  Greater 
heat  in  the  bulb  & than  in  the  other,  as  when  that 
bulb  is  touched  by  the  warm  hand  or  is  exposed 
to  the  sun’s  ray,  is  marked  by  the  descending  of 
the  liquid  in  the  tube  d,  which  has  a graduated 
scale  attached  to  it.  We  may  observe  that  equal 
divisions  or  degrees  marked  on  the  scale  of  this 
thermometer  do  not  mark  equal  changes  of 
temperature,  for  the  increasing  condensation  and  resistance  of 
the  air  in  the  colder  bulb,  and  the  increasing  height  of  the 
liquid  column  to  be  lifted,  require  the  force  overcoming  these 
progressively  to  increase. 

943.  Maximum  and  Minimum  Thermometers. — It  is  often 
desirable,  as  in  garden  hot-houses,  to  know  how  low  the  tempe- 
rature has  fallen  during  the  night  when  no  observer  was 
present,  and  how  high,  it  has  risen  in  the  day.  Both  ends  are 
attained  by  the  use  of  Rutherford’s  twin-thermometers  with 
horizontal  tubes.  The  mercury  in  the  tube  of  one  pushes 
forward,  as  it  advances  with  heat,  a small  piece  of  iron  wire,  and 
leaves  it  as  a marker  unmoved  when  it  recedes  again.  The 
spirit  or  alcohol  in  the  other,  when  contracting  with  cold,  draws 
after  it,  by  the  mutual  attraction,  a small  piece  of  glass  as  the 
marker,  and  then  flows  past  that  without  moving  it  when 
expanding  again  with  heat. 

Temperatures  below  that  of  freezing  mercury  are  usually 
measured  by  a thennometric  tube  containing  alcohol ; aud 
temperatures  higher  than  that  of  boiling  mercuiy  are  measured  by 
the  expansion  of  air  or  of  metals,  as  above  described,  or  by  the 
contraction  of  pieces  of  baked  clay,  which  when  highly  heated 
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lose  water  and  contract  in  bulk.  The  use  of  baked  clay  was 
proposed  by  Wedgwood,  and  the  apparatus  has  been  called 
Wedgwood’s  Pyrometer,  or  fire-measure.  Contrivances  for 
measuring  intense  heat  may  be  graduated  so  as  to  agree  more 
or  less  accurately  with  the  scale  adopted  for  the  mercurial 
thermometer. 

It  is  very  interesting,  while  considering  the  vast  number  and 
importance  of  the  phenomena  produced  by  heat,  to  observe  the 
degrees  in  the  general  scale  of  temperature  at  which  changes 
take  place.  In  the  following  table  a selection  of  the  facts  are 
classified,  the  temperatures  being  referred  all  to*  the  scale  of 
Fahrenheit  s thermometer. 

944.  Table  of  faeis  connected  with  the  influence  of  heat  corre- 
sponding to  certain  temperatures. 


Wedgwood.  Fahrenheit 

Highest  temperature  measured 240°  32,277° 

Chinese  porcelaiu  softened 156  21,357 

Cast  iron  thoroughly  melted 150  20,577 

Greatest  heat  of  a common  smith’s  forgo  . . . 125  17,327 

Flint  glass  furnace 114  15,897 

Stoneware  baked  in 102  14,337 

Welding  heat  of  iron 90  to  95  13,427 

Delft  ware  baked  in 41  6,407 

Platinum  melts  at 3,080 

Fine  gold  melts 32  2,282 

Settling  heat  of  flint  glass 29  2,000 

Fine  silver  melts 28  1,832 

Brass  melts 21  1,650 

Full  red  heat  (the  heginning  of  Wedgwood’s 

Pyrometer 0 1,077 

Heat  of  a common  fire 790 

Iron  red  in  the  dark 750 

Quicksilver  boils 6G0 

Linseed  oil  boils GOO 

Lead  melts 594 

Sulphur  melts 226 

Water  boils 212 

A compound  of  three  parts  of  tin,  five  of  lead,  and  eight  of 

bismuth,  melts 210 

Alcohol  boils 174 

Bees’-wax  melts 142 

Ether  boils 98 

The  present  medium  temperature  of  the  globe 50 

Water  freezes 32 

Milk  freezes 30 

Vinegar  freezes 28 
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Strong  wine  freezes 20 

Weak  brine  freezes 0 

Quicksilver  freezes Mow  zero  40 

The  air  sometimes  at  Hudson’s  Bay helow  zero  50 


' There  is  reason  for  thinking  that  the  higlier  temperatures 
noted  in  this  table  aro  considerably  too  high,  owing  to  the 
insufficiency  of  the  thermometer  or  pyrometer  (Wedgwood’s) 
by  which  they  were  estimated. 

From  wliat  is  said  in  the  last  and  in  preceding  paragraphs, 
it  is  evident  that  the  thermometer  gives  very  limited  information 
- with  respect  to  heat : it  merely  indicates,  in  fact,  what  may  be 
called  the  tension  of  heat  in  bodies,  or  the  tendency  of  the  heat 
to  spread  from  them.  Thus  it  does  not  discover,  that  a j)ound  of 
water  takes  tliirty  times  as  much  heat  to  raise  its  temperature 
one  degree  as  a pound  of  mercury;  nor  does  it  discover  the 
heat  of  fluidity  absorbed  when  bodies  change  their  form,  and 
wliich  is  called  “ latent  heat  ” only  because  hidden  from  the 
thermometer. 

“ Eeat  hj  Us  different  relation  to  different  substances  has  a 
‘powerful  influence  on  their  chemical  combinations."  (Bead 
again  the  Analysis,  page  406.) 

945.  By  observations  made  and  recorded  through  past  ages, 
man  has  now  come  to  know  that  the  substances  constituting  the 
world  around  him,  although  appearing  to  differ  in  their  nature 
almost  to  infinity,  are  yet  all  made  up  of  a few  simple  elements 
variously  combined;  and  he  has  discovered  that  the  peculiar 
relations  of  these  elements  to  heat,  particularly  their  being 
unequally  expanded  by  it,  and  their  undergoing  fusion  and 
vaporization  at  different  temperatures,  furnish  him  with  ready 
means  of  separating,  combining,  and  new-modifying  them  to  serve 
to  him  purposes  of  highest  utility.  Where  the  primitive  savage, 
looking  around  on  rocks  and  soils,  saw  in  their  diversified  aspect 
.almost  as  little  meaning  as  did  the  inferior  animals  which 
participated  with  him  the  shelter  of  the  forest  or  cave,  his 
descendant,  with  penetration  sharpened  by  science,  descries  at 
once  the  treasures  of  the  mine,  and  aided  by  heat,  whose 
wonderful  energies  he  has  learned  to  control,  pursues  through 
all  the  Protean  disguises  of  ores  and  salts  and  solutions,  each 
of  thq  wished-for  substances,  until  he  secures  it  apart.  For 
instance,  in  what  to  his  forefathers  for  thousands  of  years 
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appeared  but  a red  dross,  he  knows  that  there  lies  concealed  the 
precious  iron — king  of  metals  ! and  soon  forcing  this  in  his 
glowing  furnace  to  assume  its  metallic  form,  he  afterwards,  with 
implements  made  of  it,  moulds  all  other  bodies  to  his  will ; the 
trees  from  the  forest  and  the  rocks  from  the  quarry,  in  obedience 
to  his  tools  of  iron,  are  fashioned  by  him  as  if  they  were  of  soft 
clay,  and  at  his  command  rise  into  the  magnificent  structures  of 
palaces  and  ships,  with  which  the  earth  and  the  ocean  are  now 
covered.  The  minute  details  of  the  relations  to  heat  of  particular 
substances  belong  to  that  department  of  science  called  chemistry 
(a  name  taken  from  an  Arabic  Avord  signifying  fire) ; but  a few 
general  remarks  on  the  subject  are  appropriate  in  the  present 
work. 

946.  The  most  common  ores  of  metals  are  combinations  of 
the  metals  with  oxygen,  carbonic  acid,  or  sulphur — substances  all 
of  which  are  volatilized  at  much  lower  temperatures  than  the 
metals.  Now  simple  I’oasting,  as  it  is  called,  or  strongly  heating 
the  ores,  suffices  often  to  drive  away  great  part  of  these 
adjuncts ; and  where  additional  assistance  is  required,  it  is 
obtained  by  mixing  with  the  ore  something  which  when  heated 
attracts  the  substance  to  be  expelled  more  strongly  than  the 
metal  does.  Charcoal,  for  instance,  heated  with  an  oxid-ore, 
takes  the  oxygen,  and  flying  off  with  it  as  aeriform  carbonic 
acid,  leaves  at  the  bottom  of  the  furnace  or  crucible  the  vivified 
or  pure  metal. 

947.  Mercury,  whieh  is  a metal  having  at  common  tempera- 
tures the  liquid  or  melted  state,  when  mixed  Avith  the  dross  of  a 
mine,  dissolves  the  particles  of  gold  or  of  silver  therein  existing, 
and  the  ingredients  of  the  solution  are  afterAvards  obtained  apart 
by  mere  heating — the  mercury  passing  aAvay  as  vapour  to  AA'here 
it  is  cooled,  and  thereby  condensed  and  recovered  for  subsequent 
use,  Avbile  the  more  fixed  gold  or  silver  remains  in  the  vessel. 
In  this  as  in  all  other  distillations,  such  as  that  of  spirit  from 
Avine,  or  of  essential  oils  from  Avater,  &c.,  there  is  the  separation 
by  heat  of  a more  volatile  from  a less  volatile  substance.  The 
only  difference  between  what  is  called  cffying  by  heat  and 
distilling  is,  that  in  the  one  case  the  substance  Anporized,  being 
useless,  is  alloAved  to  escape  or  become  dissipated  in  the 
atmosphere ; Avhile  in  the  other,  being  the  precious  part,  it  is 
caught  and  condensed  into  the  liquid  form. 

948.  A piece  of  cold  charcoal  lies  in  the  air  for  any  length  of 
time  without  change : but  if  heated  to  a certain  degree,  tho 
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mutual  cohesion  of  its  particles  is  so  weakened,  in  other  words, 
the  particles  are  by  the  heat  so  repelled  and  separated  from  one 
another,  that  their  attraction  for  the  oxygen  in  the  air  around  is 
allowed  to  operate,  and  they  combine  with  that  oxygen,  exhibit- 
ing during  the  union  the  phenomenon  of  combustion.  The 
same  is  true,  under  similar  circumstances,  of  almost  any  dry 
vegetable  or  animal  substances,  and  of  several  of  the  metals. 

949.  Nitre,  sulphur,  and  charcoal,  while  cold,  may  be  mixed 
together  most  intimately  in  any  proportions  without  change 
taking  place ; but  if  the  mixture  be  in  certain  proportions,  and 
if  then  any  part  of  it  be  heated  to  a certain  degree,  the  whole 
explodes  with  extreme  violence — for  it  is  gunpowder.  By  the 
change  of  temperature,  and  the  consequently  altered  relative 
attractions  of  the  different  substances,  a new  chemical  arrange- 
ment of  these  supervenes  with  the  intense  combustion  and 
expansion,  which  constitute  the  explosion. 

950.  Sea-sand  and  soda  again,  although  very  intimately 
mixed,  and  even  ground  together,  if  remaining  cold,  remain 
also  merely  an  opaque  and  useless  powder : but  if  the  mixture 
be  heated,  to  diminish  the  cohesion  of  the  particles  of  each 
substance  to  those  of  its  o\vn  kind,  while  the  mutual  attraction  of 
the  different  substances  may  come  into  play,  these  substances 
melt  together,  and  unite  chemically  into  the  beautiful  com- 
pound called  glass ; a product,  than  which  human  art  has  formed 
none  more  admirable. 

951.  Perhaps  the  influence  of  temperature  on  chemical  union 
is  nowhere  more  remarkably  exhibited  than  in  retarding  or  in 
hastening  the  decompositions  of  dead  vegetable  and  animal 
substances.  The  functions  of  life  bring  into  combination,  to 
form  the  various  textures  of  organic  or  living  bodies,  chiefly 
five  substances,  viz.,  carbon  or  coal ; lime ; the  ingredients  of 
water,  namely,  oxygen  and  hydrogen;  and,  lastly,  nitrogen — 
which  substances,  when  in  the  proportions  found  in  such  bodies, 
have  but  sbght  attraction  for  each  other,  and  all  of  wliich,  except 
tlie  carbon  and  lime,  usually  exist  as  airs.  Their  connexion^ 
tlierefore,  is  easily  subverted  ; and  particularly  by  a sliglit 
change  of  temperature,  which  either  so  weakens  their  mutual 
hold  of  one  anotlier  as  to  allow  new  arrangements  to  be  formed, 
or  altogether  disengages  the  more  volatile  of  them. — At  a 
certain  temperature,  a solution  of  sugar,  for  instance — which  con- 
sists of  tlirce  of  the  substances,  carbon,  oxygen,  and  hydrogen — 
undergoes  a change  into  a spirituous  wash,  from  which  spirit  or 
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alcohol  may  then  be  obtained  by  distillation  ; but  if  the  heat  be 
continued  under  certain  circumstances,  the  liquid  undergoes  a 
second  change,  or  forms  a new  arrangement  of  the  constituent 
particles,  constituting  vinegar : under  still  other  circumstances 
it  undergoes  a third  change,  which  is  a destructive  decomposition, 
and  the  oxygen  and  hydrogen,  with  carbon  dissolved,  ascend 
away  as  airs.  But  sugar,  and  many  similar  vegetable  com- 
pounds, as  the  pitch  of  Egyptian  mummies,  if  kept  at  a low 
temperature,  remain  unchanged  for  ages. 

952.  Then,  as  regards  dead  animal  substances,  we  find  that 
although  at  a certain,  not  very  elevated,  temperature,  they 
quickly  undergo  the  change  in  the  relations  of  their  elements 
called  putrefaction,  during  which  nearly  their  whole  substance 
rises  again  in  form  of  gas  to  become  part  of  the  atmosphere,  still  at 
or  below  the  temperature  of  freezing  water,  they  remain  unaltered 
for  any  length  of  time.  In  the  middle  of  summer,  recently 
caught  salmon  packed  in  boxes  with  ice,  is  conveyed  fresh  from 
tlie  most  remote  parts  of  Britain  to  the  capital.  During  the 
warmest  weather,  flesh  of  any  kind  may  long  be  preserved  in 
an  ice-house.  In  Eussia,  Canada,  and  other  northern  countries, 
on  the  setting  in  of  the  winter  frosts,  when  food  for  the  cattle 
and  poultry  is  with  difficulty  procured,  the  inhabitants  kill  then- 
>vinter  supply,  and  store  up  their  frozen  provender  as  in  other 
countries  men  store  what  is  salted  or  otherwise  preserved. 

953.  A more  striking  illustration  of  this  subject  cannot  be 
adduced  than  the  fact  that,  hi  1801,  on  the  shore  of  Siberia, 
in  a vast  mass  of  ice,  then  accidentally  broken  and  partially 
melted,  the  carcase  of  what  has  been  called  the  antediluvian 
elephant  was  found,  perfectly  preserved — an  elephant  differing 
in  many  respects  from  those  now  existing  on  the  earth,  but 
having  a skeleton  exactly  similar  to  the  fossil  specimens  found 
deeply  bulled  in  many  countries.  The  carcase  was  soon  dis- 
covered by  the  hungry  bears  of  the  district,  which  were  seen 
eagerly  feeding  on  its  flesh,  as  if  it  had  died  but  yesterday, 
although  it  must  have  been  of  an  era  long  antecedent  to  human 
records.  After  it  had  fallen  from  the  ice  to  the  sandy  beach, 
and  its  tusks  had  been  carried  away  for  sale  by'  a Tungusian 
fisherman,  and  much  of  its  flesh  had  been  devoui-ed,  a naturalist 
from  St.  Petersburgh  who  visited  it  found  an  ear  still  .perfect, 
and  its  long  mane,  and  part  of  its  upper  lip,  and  an  eye  with 
the  pupil,  which  had  opened  on  the  scenes  of  a younger  world ! 
About  30  lbs.  weight  of  its  hair,  which  had  been  trodden  into 


INFLUENCE  ON  ANIMATED  BEINGS. 


471 


the  sand  by  tlie  bears,  and  part  of  the  skin,  were  preserved,  and 
are  now  distributed  in  different  museums  of  natural  curiosities. 
A piece  of  the  skin  with  the  hair  upon  it  is  to  be  seen  in  the 
museum  of  the  London  College  of  Surgeons, 

Heat  has  'powerful  influence  also  on  animated  nature,  both 
vegetable  and  animal”  (Read  the  Analysis,  page  406.) 

954.  If  it  may  be  said  that  heat  commimicated  to  the  boiler  of 
a steam-engine  is  the  cause  of  all  its  succeeding  motions  —the 
heaving  of  its  beam  and  jDumps,  the  opening  and  shutting  of  its 
valves,  the  turning  of  its  wheels,  and  its  ultimate  performance 
of  any  work  like  spinning,  or  weaving,  or  grinding,  or  propelling 
vehicles  by  land  and  water — as  truly  may  it  be  said  that  heat 
coming  to  a seed  which  has  long  lain  unchanged  during  the  cold 
of  winter,  is  the  cause  of  the  commencing  germination ; and 
afterwards,  of  its  growth,  the  rising  of  its  sap,  the  new  budding 
and  unfolding  of  its  leaves  and  blossoms,  the  ripening  of  its 
fruits,  with  the  production  of  new  seeds  to  perpetuate  its  kind. 
Then,  in  the  still  more  compiles  organisations  and  functions  of 
the  animal  kingdom,  the  agency  of  heat  is  equally  essential. 
By  heat  an  egg,  which,  if  cold,  would  lie  motionless  until  it 
rotted,  is  soon  converted  into  a living  being,  which  in  favourable 
circumstances  gradually  attains  matm-ity,  with  form  and  facul- 
ties marvellous  indeed.  Great  reduction  of  temperature  occur- 
ring anywhere  extinguishes  life. 

955.  Besides  the  effects  of  heat  above  spoken  of,  which 
are  periodical  and  comparatively  transient,  as  being  connected 
with  the  seasons,  there  are  other  effects  on  animated  nature  of 
a more  permanent  character.  Different  species  of  vegetables 
and  animals,  by  their  relation  to  heat,  are  confined  to  certain 
latitudes  or  climates;  and  when  the  individuals  of  any  class 
become  habituated  to  a climate  differing  from  that  in  wliich 
their  progenitors  lived,  they  acquire  new  characteristics  de- 
pendent on  the  climate,  as  seen  in  the  sheep  and  dogs  of  the 
various  regions  of  the  earth.  In  this  respect  tliere  is  no 
instance  more  striking  than  that  furnished  by  the  varieties 
of  the  human  race. 

“ The  great  natural  source  of  heat  to  this  earth  is  the  sun.” 
(Read  the  Analysis,  page  406.) 

956.  Many -of  the  facts  set  forth  in  the  preceding  sections  aro 
direct  proofs  of  this  truth.  No  wonder,  then,  that  through 
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antiquity  many  ignorant  or  savage  nations,  seeking  the  source 
of  their  life  and  happiness,  looked  to  the  sun  not  only  with 
feelings  of  admiration  but  of  worship. 

957.  The  heat  comes  from  the  sun  with  his  light.  If  a sun- 
beam enter,  by  an  opening  made  in  the  window  shutter,  an 
apartment  previously  closed  and  dark,  it  illumines  instantly 
and  intensely  the  spot  or  object  on  which  it  falls,  and  its  light 
being  then  scattered  around,  all  the  objects  in  the  room  become 
visible.  Again,  if  a cold  thermometer  be  placed  to  receive  such 
direct  rays,  it  rises  much,  and  gradually  objects  around  will  be 
affected.  Light  passes  from  the  sun  to  the  earth  in  about  eight 
minutes  of  time,  as  will  be  explained  under  astronomy,  and  there 
is  proof  that  the  heat  travels  at  the  same  rate. 

958.  Human  art  can  now,  by  concave  mirrors  or  convex  lenses, 
gather  the  Sunbeams  together,  so  as  to  produce  intense  heat 
in  the  focus  of  their  meeting.  A surface  of  glass,  or  any  other 
small  mirror,  will  reflect  the  sun’s  rays  so  as  strongly  to  affect  the 
eye  at  a distance  even  of  miles ; and  that  the  heat  accompanies 
the  light  is  shown  by  the  fact  that  many  miiTors  directed  towards 
one  point  heat  intensely.  Archimedes  is  said  to  have  set  fire 
to  Roman  ships  besieging  Syracuse  by  sun-beams  thus  re- 
turned from  many  points  to  one.  When  the  light  of  a veiy 
broad  sunbeam  is  made  by  a convex  glass  or  lens  to  converge 
accurately  to  one  narrow  focus,  the  concentrated  heat  is  suflScient 
to  cause  a piece  of  metal  held  in  the  focus  to  drop  like  melting 
wax.  Persons  wherever  the  sun  can  be  seen  may  conveniently 
light  their  fii’es  at  the  sun  by  dnecting  his  energies  through  a 
burning  glass. 

959.  Reflection  on  snch  facts  as  now  referred  to,  and  on  the 
globular  form  and  changing  positions  in  relation  to  the  sun  of 
our  earth,  gives  clear  explanation  and  measure  of  the  differ- 
ences of  climate  and  of  season  found  in  different  parts  of  the 
earth.  All  understand  that  if  a small  globe  be  suspended 
before  a fire,  the  part  which  is  nearest  to  the  fire  and  receives 
the  rays  directly,  will  be  much  more  heated  than  the  other- 
parts  receiving  the  rays  more  or  less  obliquely.  So  on  this 
earth,  which  is  rotating  before  the  sun,  the  regions  about  the 
equator  are  the  most  heated.  The  sunny  side  of  many  a steep 
hill  in  England  receives  the  sun’s  rays  in  summer  as  perpendi- 
cularly as  the  plains  about  the  equator ; but  such  hill-sides  are 
not  heated  like  those  plains,  because  the  air  over  them  is  colder 
— as  very  elevated  mountain  tops,  even  at  the  equator,  owing  to 


THE  SUN  THE  GREAT  SOURCE. 


473 


the  rarified,  and,  therefore,  cold  air  always  around  them,  remain 
permanently  liooded  in  snow.  In  England,  at  the  time  of  the 
equinoxes,  a level  plain  receives  only  about  half  as  much  of  the 
sun’s  light  and  heat  as  an  equal  extent  of  level  surface  near  the 
equator ; and  in  the  short  days  of  winter,  when  the  beams  fall 
more  obliquely,  it  receives  less  than  a third  part  of  the  summer 
amount. 

960.  A picture  has  been  designed  to  aid  a student  in  con- 
ceiving clearly  the  consequences  of  the  different  intensities  of 
the  sun’s  influence  in  different  latitudes  on  earth.  It  is  an 
elongated  landscape  of  a strip  of  the  earth’s  surface,  stretching 
from  the  equator  to  the  pole,  exhibiting  the  more  remarkable 
objects  belonging  to  the  vegetable  and  animal  kingdoms  peculiar 
to  the  different  latitudes.  At  the  equatorial  end  of  this  repre- 
sentation appear,  amidst  the  endless  variety  of  broad-leaved 
palms,  such  animals  as  the  elephant,  tiger,  parrot,  etc.,  and  men 
as  uaked  savages,  or  as  the  civilized  Hindoos,  seeking  the  shade 
of  bungalows  with  darkened  windows,  and  wetted  mats  hung 
round  the  walls  to  cool  them.  Corresponding  views  are  given 
of  the  intermediate  temperate  climates,  until  at  the  polar  ex- 
tremity appear  the  dwellers  in  barren  Greenland  or  Iceland, 
wliere  the  thermometer  stands  below  zero,  and  the  people  are 
clothed  in  thick  furs  of  polar  animals,  and  protected,  by  close 
artificially- warmed  houses.  Then  one  reflects  that  all  the  con- 
trasts here  referred  to  are  in  existence  at  the  same  moment  of 
time.  A person  has  actual  experience  of  such  a contrast  who, 
as  happened  to  the  present  writer,  sails  rapidly  from  a warm 
and  rich  garden  like  the  country  around  Rio  de  Janeiro,  in 
Brazil,  to  Tristan  da  Cunha,  or  the  Isle  of  Desolation,  in  the 
Southern  Ocean,  where  the  surface  is  bare  rock,  but  yet  where 
the  scene  swarms  with  appropriate  forms  of  life.  In  the  sea 
appears  the  whale,  on  the  rocky  coasts  the  seal,  and  in  the  air 
are  clouds  of  the  white  feathered  sea-fowls  playing  over  tlie 
ever-moving  waves  like  flakes  of  eddying  snow. 

961.  An  interesting  evidence  of  solar  influence  on  our  globe 
is  the  periodical  migration  of  animals  which  have  their  home 
not  in  any  fixed  region  on  earth,  but  wherever  the  sun  has  for 
the  time  the  particular  degree  of  influence  best  suiting  them, 
and  which  accordingly  follow  the  sun  in  the  changes  of  sea- 
son. In  England,  for  instance,  we  have  the  swallow  in  vast 
numbers  coming  to  visit  our  isles  in  the  spring,  to  play  over  our 
woods  and  waters  in  pursuit  of  the  insects  which  the  heat  then 
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breeds  to  fill  the  air ; and  in  autumn  the  same  creatures  are 
seen  congregating  on  the  shores,  to  wing  their  flight  back  in 
united  multitudes  to  more  southern  countries,  Avhero,  in  turn, 
they  find  the  needed  warmth.  The  same  season  brings  the 
cuckoo,  the  nightingale,  and  many  other  winged  species.  In 
the  Avaters  of  the  bays  and  coasts,  too,  there  appear  in  their 
seasons  vast  shoals  of  the  finny  races — the  herring,  the  mackerel, 
and  the  beautiful  salmon,  which  last,  at  stated  times,  pene- 
trates from  the  ocean  far  up  the  mountain  streams,  to  deposit 
its  spawn  in  suitable  localities. 


“ Man,  hy  arts  of  his  invention,  through  Combustion,  Fric- 
tion, Electricity,  ^e.,  can  produce  heat  at  will,  and 
has  thereby  gradually  acquired  complete  control  for  his 
purposes  over  many  of  the  occurrences  in  the  ivorld  around 
him.”  (Read  the  Analysis,  page  406.) 

Combustion. 

962.  Of  the  phenomena  of  nature  over  which  man  has  now 
acquired  power,  no  one,  when  first  observed,  could  excite  more 
wonder  and  terror  than  fire  or  combustion.  It  might  be  seen 
spreading  in  a mass  of  any  combustible  matter  after  an  acci- 
dental lightning-stroke,  or  when  like  matter  Avere  reached  by  a 
stream  of  red-hot  lava  issuing  from  a volcano.  And  great 
indeed  must  have  been  the  suiqirise  of  a spectator  aaRo  first 
AA-itnessed  the  bursting  into  flame  of  two  pieces  of  dry  wood, 
strongly  rubbed  against  each  other.  Such  rubbing  is  the  mode 
of  lighting  a fire  still  practised  among  rude  or  savage  people. 
Little  could  any  one  have  then  anticipated  Avhat  has  now  come 
to  pass : that  the  dread  agent  would  in  time,  by  human  in- 
genuit)’-,  be  rendered  the  most  obedient  and  useful  assistant  to 
man  in  all  the  labours  of  a coming  high  civilization.  Noav 
under  the  domestic  roof  fii’e  is  preparing  AA'holesome  food  for 
the  peoj)le;  in  laboratories  it  is  separating  metals  from  their 
ores,  or  melting  together  the  sand  and  other  ingredients  Avhich 
form  glass  or  like  useful  compounds ; and,  to  say  much  in  foAv 
Avords,  fire  actuating  the  steam-engine,  is  performing  most  per- 
fectly nearly  all  the  kinds  of  mechanical  Avork  Avhich  human 
hands  did  in  former  times,  and  many  kinds  of  labour  which, 
OAving  to  their  magnitude,  the  strength  of  men  had  never 
attempted. 
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9G3.  Singularly  interesting,  then,  to  philosophers,  as  in  various 
uses  the  phenomenon  of  combustion  must  always  have  appeared, 
one  might  have  expected  that  its  tme  nature  would  not  long 
be  to  them  a mystery ; but  until  the  noble  discoveries  and  reason- 
ings of  such  men  as  Priestley,  Lavoisier,  Davy,  and  others,  made 
not  yet  a century  ago,  the  conjectures  offered  on  the  subject  had 
scarcely  approached  the  truth.  The  common  opinion  was  that 
in  every  combustible  substance  there  was  present  in  close  combi- 
nation, a certain  quantity  of  a something  denominated 
■which  on  being  disengaged  or  separated,  became  obvious  to 
human  sense  as  liglit  and  heat.  For  instance,  the  white  oxide 
of  zinc,  called  the  flowers  of  zinc,  into  which  the  metal  is 
changed  by  burning,  was  supposed  to  be  the  metal  deprived  of 
its  phlogiston ; and  when,  on  this  oxide  being  again  heated  in 
mixture  Avith  charcoal,  the  metal  reappeared,  it  was  supposed 
simply  to  have  recovered  phlogiston  from  the  charcoal.  The 
illustrious  Lavoisier  had  the  merit  of  clearly  disproAung  this 
hyj^othesis,  by  showing  that  the  flowers  or  powders  obtained 
from  metals  by  burning  were  heaAder  than  the  pieces  of  metal 
from  AA'hich  they  Avere  produced,  and  by  the  exact  Aveight  of  the 
oxygen  gas  Avhich  disappeared  in  the  combustion ; and  he 
shoAved  further,  that  in  this  and  many  other  cases,  combustion 
Avas  merely  the  act  of  substances  having  strong  affinity  or 
attraction  for  one  another  combining  chemically  ; but  he  fell 
into  an  error  of  another  kind  by  supposing  that  to  produce  any 
combustion  oxygen  had  always  to  be  one  of  the  combining 
substances,  and  that  the  heat  and  light  given  out  had  in  every 
case  been  previously  latent  in  the  oxygen. 

964.  When  Sir  Humphry  Davy  began  his  labours  on  this 
subject,  than  Avhich  labours  there  are,  perhaps,  on  record  few  such 
interesting  examples  of  scientific  research,  the  existence  and 
nature  of  oxygen  had  already  been  discovered  by  Priestley,  the 
facts  of  latent  heat  by  Black,  and  the  important  facts  already 
referred  to  by  Lavoisier.  It  was  known  also  that  bodies,  Avhen 
compressed  or  by  other  means  reduced  in  bulk,  generally  give 
out  a part  of  their  heat,  as  Avhen  air  condensed  under  the  piston 
of  tlie  match-syringe  lights  tinder  attached  to  the  bottom  of  the 
piston,  or  Avhen  water  and  sulphuric  acid  uniting  into  a com- 
pound of  smaller  volume  than  the  separate  ingredients,  become 
very  hot,  or  Avhen  water  poured  upon  quicklime  to  slake  it,  and 
becoming  solid  with  it,  produces  strong  heat,  and  that  in  sucli 
cases  the  heat  produced  during  the  chemical  union  seemed  to 
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depend  more  upon  the  energy  of  the  action  wliich  united  the 
substances  than  upon  the  change  of  volume  produced. 

Farther,  it  was  known  that  any  substance  having  its  tempera- 
ture raised,  by  wliatever  means,  to  800°  or  more  of  Fahrenlieit’s 
thermometer,  became  incandescent  or  luminous,  as  when  iron, 
or  stone,  or  any  other  substance  which  is  not  dissipated  by  heat, 
is  placed  in  a common  fire — the  substance  heated  in  a lower 
degree  being  said  to  be  red-hot,  and  at  higher  temperatures  to 
be  white-hot. 

965.  Out  of  these  and  other  facts  Davy  drew  satisfactory  ex- 
planations. He  concluded,  first,  that,  in  any  case,  combustion  is 
merely  the  appearance  produced  when  substances  having  a still 
stronger  attraction  for  each  other  than  quicklime  and  water,  for 
instance,  are,  with  intense  energy,  combining  chemically,  so  as  to 
become  heated  to  at  least  the  degree  of  incandescence ; and  that 
during  the  phenomenon  there  is  not,  as  was  formerly  supposed, 
something  altogether  consumed  or  destroyed,  or  something  called 
phlogiston  escaping,  but  that  the  substances  concerned  are  only 
assuming  a new  form  or  arrangement  of  particles  combining  in 
perfect  union.  Thus,  if  a piece  of  charcoal  be  enclosed  in  a 
glass  vessel  filled  with  atmospheric  air,  of  which  vessel  the 
mouth  dips  into  a liquid  to  confine  the  air,  and  if  the  charcoal 
be  then  heated  to  a certain  degree,  by  means  of  a burning-glass 
or  otherwise,  the  previous  cohesion  of  its  particles  yields  to  their 
attraction  for  the  oxygen  of  the  air  around  them,  and  they  imme- 
diately begin  to  combine  with  the  oxygen  so  energetically  as  to 
produce  a heat  still  much  greater,  accompanied  by  the  light  or 
incandescence  of  combustion.  The  charcoal,  under  these  circum- 
stances, soon  entirely  disappears,  or  is  dissolved  in  the  air,  as 
sugar  may  be  dissolved  in  water  ; but  if  the  air  be  afterwards 
weighed,  it  is  found  to  have  gained  in  weight  exactly  the  weight 
of  the  charcoal  which  has  disappeared ; and  a chemist  can  again 
separate  the  charcoal  from  the  air,  and  use  either  for  any 
purpose  as  before.  In  like  manner,  if  a piece  of  iron-wire  be 
heated  at  one  end,  which  is  then  plunged  into  a jar  of  oxygen 
gas,  it  will  instantly  light  up  and  burn  as  a most  brilliant  taper, 
and  will  gi’adually  faU  in  the  form  of  oxidized  drops,  or  scales  of 
iron,  to  the  bottom  of  the  vessel.  During  this  process  the 
quantity  of  oxygen  will  be  diminished,  but  if  the  scales  men- 
tioned be  collected,  they  will  be  found  to  weigh  just  as  much 
more  than  the  original  wire  expended,  as  there  is  of  oxygen  lost 
or  combined  with  them.  A chemist  can  separate  this  iron  and 
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oxygen,  and  exhibit  them  apart  as  before,  without  loss.  Again, 
if  iron  and  sulphur  in  certain  proportions  are  heated  together, 
they  unite  with  vivid  combustion,  but  the  product  will  weigh 
exactly  as  much  as  the  original  ingredients. 

966.  While  every  instance  of  combustion  is  thus  only  a case 
of  chemical  union,  going  on  with  such  intensity  of  action  as  to 
produce  incandescence,  still,  according  to  the  nature  of  the 
substances  combining,  the  appearance  will  vary  much.  The 
union  may  take  place,  for  instance,  with  flame  or  without  flame. 
The  great  combining  substance  in  nature,  and  which  is  also 
the  most  universally  distributed  substance,  is  oxygen,  of  which 
the  name  is  now  become  familiar  to  the  ears  of  even  the 
uidearned.  It  forms  nearly  four-flfths  of  the  substance  of  water, 
and  one-fifth  of  our  atmosphere,  being  on  the  latter  account 
present  wherever  man  can  live,  and  ready  to  unite  itself  with 
any  matter  exposed  to  it  at  the  necessary  temperature.  Now, 
of  substances  burning  in  air,  those  which  are  originally  aeriform, 
as  coal  gas,  or  which,  on  being  heated,  are  rendered  aeriform 
before  the  union  takes  place,  as  oil  or  wax  when  much  heated, 
assume  the  appearance  of  flame, — which  means  that  the  aeriform 
particles  previously  invisible  are  raised  to  the  incandescent 
temperature ; but  when  the  mass  of  the  substance  combining 
with  the  oxygen  remains  solid,  while  its  particles  are  gradually 
lifted  away  by  the  oxygen  acting  only  at  the  surface,  it  appears, 
during  the  whole  time,  only  as  a red-hot  stone.  The  latter  is  the 
case  of  charcoal,  coke,  Welsh  stone-coal,  &c. ; while  in  the  case  of 
wood,  common  coal,  &c.,  a greater  or  less  portion  of  the  inflam- 
mable matter  is  by  the  heat  of  the  combustion  converted  into 
vapour,  and  so  produces  the  beautiful  appearance  of  flame. 

967.  Of  the  substances  called  combustible,  and  so  called 
because  they  combine  with  oxygen  so  energetically  as  to  become 
iiicandescent,  there  are  only  a few,  as  the  metals  called  potas- 
sium, sodium,  &c.,  which  will  begin  to  unite  with  oxygen,  or  to 
burn,  at  the  common  temperature  of  our  atmosphere,  the  others 
requiring  to  be  at  some  higlier  temperatures.  Thus  phosphorus 
begins  to  burn  only  at  150°,  sulphur  at  550°,  charcoal  at  750°, 
hydrogen  at  800°,  &c. ; up  to  which  temperatm-es  the  mutual 
attraction  of  the  atoms  of  the  substances  among  themselves  is 
sufficient  to  resist  the  other  attraction  of  the  oxygen  present. 
But  when  the  combustion  once  begins,  the  temperature,  from  the 
effect  of  the  combustion  itself,  rises  instantly  much  beyond  the 
degree  necessary  for  the  commencement  of  the  process.  Oxygen 
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and  hydrogen,  which  begin  to  burn  or  combine  only  at  800°, 
instantly  produce  a flame  of  nearly  as  intense  heat  as  human 
art  can  excite. 

968.  On  the  circumstance  that  combustible  bodies  require  to 
have  a certain  preparatory  warmth  before  beginning  rapidly  to 
combine  with  oxygen,  depend  many  important  facts  in  nature 
and  art.  Hence  the  safety  with  which  ordinary  combustibles 
may  be  exposed  at  ordinary  temperatures  to  the  contact  of 
atmospheric  air.  Were  it  otherwise,  any  kind  of  coal  or  wood, 
&c.,  in  the  moment  of  being  exposed  to  the  air  would  catch  fire, 
just  as  happens  to  phosphorated  hydrogen  gas,  when  allowed  to 
rise  into  the  atmosphere,  or  to  the  metal  called  potassium, 
which,  when  thrown  into  even  cold  water,  attracts  the  oxygen  of 
the  water  instantly,  and  bimns  intensely. 

969.  If  a fire  or  flame  be  very  small,  the  rapid  absorption  of  heat 
from  it  by  cold  bodies  around  so  lowers  the  temperature  of  the 
substance  that  the  combustion  is  soon  extinguished.  Thus  a 
common  coal  fire,  if  it  be  not  watched,  and  the  remaining  fuel 
be  not  occasionally  gathered  together,  to  reduce  the  surface  of 
wasteful  radiation,  will  be  extinguished  long  before  the  whole 
fuel  is  consumed ; but  not  so  with  lighted  wood  or  paper,  which 
substances  burn  more  readily  than  coal.  The  Welsh  stone-coal 
can  be  made  to  burn  steadily  only  when  in  considerable  masses, 
or  when  mixed  with  a more  inflammable  coal  or  other  fuel,  or 
when  surrounded  by  fire-brick,  which  retains  the  heat  well,  or 
when  fed  by  air  already  heated.  The  manufacture  of  iron  has 
lately  been  improved,  and  much  cheapened,  by  causing  the  air 
which  feeds  the  fuimace  to  be  warmed  by  passing  through  metal 
tubes  heated  in  another  fire.  This  proceeding  constitutes  what 
is  called  the  Hot-hlast. 

970.  A substance  placed  in  unmixed  oxygen  gas  burns  with 
much  greater  intensity,  and  will  begin  burning  at  a much  lower 
temperature  than  if  placed  in  atmospheric  air,  which  contains 
only  about  one-fifth  of  oxygen  and  fom-fifths  of  nitrogen  gas. 
The  nitrogen  does  not  aid  the  combustion,  and  by  absorbing 
much  of  the  heat  of  the  combustion  it  lowers  the  temperature. 
Iron  wire  burns  with  intense  light  as  a taper  in  oxygen,  but  will 
not  burn  in  common  air ; and  a common  taper  or  flaming  piece 
of  wood  extinguished  by  blowing  on  it  will  immediately  bo  re- 
kindled if  plunged  into  oxygen.  Again,  a lamp  with  a very 
small  wick,  and,  consequently,  a small  flame,  producing  very 
little  heat,  will  not  burn  at  all  in  cold  weather,  or  in  an  ice- 
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house,  and  at  any  time  will  bo  extinguished  by  a cold  foreign 
body  brought  near  to  it,  a piece  of  ice,  for  instance,  or  a 
metallic  nob  held  to  it  on  the  end  of  a wire,  or  a metallic  ring 
let  down  over  it ; but  if  the  ball  or  ring  be  hot,  that  effect  will 
not  follow.  By  more  poAverfully  refrigerating  processes,  even  a 
considerable  lamp  or  candle  may  be  put  out. 

971.  These  discoveries  led  Davy  to  the  construction  of  his 
precious  safety  lamp  for  mines,  which  is  merely  a lamp  enclosed 
in  a lantern  of  wire  gauze,  of  which  the  gauze  meshes  are  of  such  a 
diminutive  size  that  aflame  of  burning  hydrogen  gas  attempting 
to  pass  through  is  so  cooled  by  the  heat-absorbing  and  heat- 
conducting  power  of  the  metal,  as  to  be  instantly  extinguished. 
A piece  of  wire  gauze  gradually  let  down  upon  any  common 
flame,  thus  annihilates  the  part  of  the  flame  which  should  appear 
above  the  gauze  ; but  the  combustible  vapour  then  passing  in- 
visibly through  the  gauze  may  be  lighted  afresh  on  its  upper 
side.  Oxygen  and  hydrogen,  which  are  the  constituents  of 
water,  when  uniting  chemically,  produce  such  intense  heat  that 
the  momentary  expansion  of  the  newly-formed  water,  then  in  the 
state  of  steam,  may  cause  a violent  explosion.  When  a jet  of 
oxygen  and  hydrogen  already  mixed  gives  a continuous  flame, 
the  most  refractory  substances  melt  in  that  like  wax  in  a common 
taper, — yet  these  gases  may  be  kept  long  mixed  together  in  the 
cold  reservoir  of  a blow-pipe  without  combining,  and  when  set 
on  fire  at  the  jet  of  the  blow-pipe,  the  flame  does  not  travel 
inwards  tlirough  the  opening,  as  might  be  feared,  because  it  is 
cooled  by  the  metal  of  the  orifice. 

972.  Solid  bodies  become  very  visible  or  incandescent  at  about 
the  temperature  of  1000°  of  Fahrenheit,  but  airs,  owing  to  their 
tenuity  of  condition,  require  to  be  heated  much  farther  before 
tliey  exhibit  the  vivid  appearance  of  flame ; and  airs  of  light 
atoms,  like  hydrogen,  require  to  be  heated  still  more  than  denser 
airs.  Thus  the  flame  of  pure  hydrogen  is  pale  and  blue,  but  a 
wire  held  in  it  becomes  much  more  luminous  than  the  flame 
itself ; and  the  flame  of  mixed  oxygen  and  hydrogen  escaping 
from  a very  minute  orifice  in  a glass  tube,  may  itself  be  scarcely 
visible,  while  the  extx’emity  of  tlie  tube  heated  by  it  becomes 
like  a brilliant  star.  Hence  the  light  from  some  flames  is 
much  increased  by  placing  a wire  gauze  or  otlier  solid  body  in 
the  flame,  as  is  seen  when  a piece  of  lime  is  placed  in  tlie  flame 
of  oxygen  and  hydrogen,  to  form  what  has  been  called  the 
Drummond  Light. 
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973.  Consideration  of  this  subject  enables  us  to  explain  why 
common  coal  gas,  which  consists  of  hydrogen  holding  a quantity 
of  carbon  in  solution,  gives  a stronger  light  than  pure  hydrogen, 
and  why  oil  gas,  which  contains  about  twice  as  much  carbon  as 
the  coal  gas,  gives  also  about  twice  as  much  light.  The  expla- 
nation is,  that  the  oxygen  of  the  atmospheric  air,  which  first 
mixes  with  these  gases  as  they  issue  to  burn,  is  sufficient  to 
combine  with  all  their  hydrogen,  which  it  more  strongly  attracts, 
but  not  at  the  same  time  with  all  their  carbon ; the  particles  of  the 
carbon,  therefore,  are  at  first  separated,  and  being  left  for  a time  in 
the  flame,  become  so  many  solid  particles  most  intensely  heated, 
and,  therefore,  very  luminous  ; and  afterwards,  when  they  have 
ascended  a little  higher,  they  meet  wdth  new  oxygen  and  burn 
or  are  dissolved  in  their  turn,  and  disappear.  That  this  decom- 
position of  the  gas  really  occurs  is  proved  by  placing  a wire 
gauze  across  and  near  the  middle  of  the  flame.  It  becomes 
immediately  loaded  with  particles  of  charcoal  separated  there, 
and  cooled  by  it  so  as  to  cohere.  If  the  gauze  be  close  to  the 
orifice  where  the  carbon  is  not  yet  separated,  it  retains  none, 
and  if  held  beyond  the  top  of  the  flame,  where  the  particles 
are  already  burned,  it  retains  none.  A candle  or  lamp  is  said  to 
smoke  when  the  heat  produced  by  it,  or  the  quantity  of  oxygen 
allowed  to  approach  the  flame,  is  not  sufficient  to  effect  the  total 
combustion  of  the  carbon  which  rises  in  its  flame.  The  hollow  or 
circular  wick  of  the  common  Argand  lamp,  and  the  similar  form 
given  to  gas  flames,  is  useful,  by  admitting  air  to  the  inside  as 
well  as  to  the  outside  of  the  inflamed  jet,  while  the  lofty  glass 
chimney  serves  to  quicken  the  current  of  atmospheric  air  which 
mingles  there. 

974.  When  atmospheric  air,  mixed  with  certain  inflammable 
vapours,  as  ether,  is  allowed  to  be  in  contact  with  a moder- 
ately warm  body,  a very  slow  union  may  take  place  without 
producing  flame.  This  phenomenon  has  been  called  invisible 
combustion.  It  is  remarkably  exemplified  on  placing  a small 
coil  of  platinum  or  gold  wire,  moderately  heated,  in  such  a 
mixture : the  combination  of  gases  then  goes  on  in  the  imme- 
diate vicinity  of  the  hot  wire,  and  although  without  flame,  still 
with  sufficient  disengagement  of  heat  to  maintain  the  wire  in  a 
feebly  luminous  state,  as  long  as  there  are  gases  left  to  combine. 
Thus  the  vapour  always  arising  at  a common  temperature  from 
the  open  mouth  of  a phial  containing  ether,  if  made  to  pass 
through  a coil  of  platinum  wire,  will,  while  combining  by  this 
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slow  couibustiou,  with  oxygen  from  the  air  around  it,  give  out 
heat  enough  to  keep  the  wire  so  luminous  as  to  serve  in  lieu  of 
a little  lamp  by  wliich  to  read  from  the  dial  plate  of  a watch 
through  the  night. 

^‘FueV 

975.  Heat  being,  in  the  sense  already  explained,  the  life  of 
the  universe,  and  man  having  command  over  nature  chiefly  by 
his  power  of  controlling  heat,  which  power  again  comes  to  him 
with  the  ability  to  produce  combustion,  it  interests  him  much  to 
inquire  what  substances  he  can  most  easily  procure  as  supporters 
of  combustion,  or  fuel.  The  all-important  substance,  oxygen, 
forms  part  of  our  atmosphere,  and  therefore  penetrates,  and  is 
present  wherever  man  can  breathe,  ready  at  once  for  his  seiwice. 
Then  for  the  purpose  of  combining  with  the  oxygen  there  are 
chiefly  two  other  substances  also  very  abundant  in  nature — 
namely,  carbon  and  hydrogen,  wliich  are  the  great  materials  of 
all  things  of  vegetable  origin,  as  trees,  bushes,  grasses,  &c.,  and 
therefore  of  coal-beds,  many  of  which  are  evidently  the  con- 
densed remains  of  forests  which  existed  in  remote  past  time. 
Carbon  is  foimd  nearly  alone  in  the  hard  coal  called  anthracite, 
or  stone-coal,  but  it  is  united  with  a large  proportion  of  hydrogen 
in  calving  or  bituminous  coal,  and  in  ivood,  resins,  tallow,  and 
oils.  The  inflammable  gas  obtained  from  these  last-mentioned 
substances,  and  now  used  for  illumination,  is  merely  hydrogen, 
holding  in  solution  certain  proportions  of  carbon.  ALL  bodies 
which  burn  with  flame  give  out  gas  while  in  the  act  of  com- 
bustion. The  stones,  earths,  water,  &c.,  seen  at  the  surface  of 
this  globe,  are  already  saturated  combinations  of  other  substances 
with  oxygen,  and  are,  therefore,  not  in  a state  to  produce  further 
combustion.  Carbon  and  hydrogen,  by  various  processes  of 
vegetable  and  animal  life,  are  always  in  numberless  situa- 
tions being  combined  and  accumulated,  so  as  to  become  flt  for 
fuel. 

976.  The  name  fuel  has  been  given  to  the  substances  which 
combine  with  oxygen,  and  not  to  the  oxygen  itself,  because 
the  former,  being  obvious  to  the  senses  as  solids  and  liquids,  had 
attracted  notice  as  producers  of  combustion  long  before  the 
existence  of  the  aeriform  agent,  oxygen,  was  even  suspected. 

Oils,  fat,  wax,  &c.,  from  becoming  gaseous  in  their  combustion, 
exhibit  the  appearance  of  flame,  as  already  explained,  and 
hence  are  used  chiefly  for  the  purpose  of  giving  light ; while 
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wood  and  coal  are  more  frequently  used  for  mere  heating.  But 
the  chemist’s  oil-lamp  and  gas-furnace,  by  which  he  distils, 
evaporates,  and  melts,  and  the  gas  apparatus  of  a kitchen, 
prove  that  it  is  chiefly  the  greater  expense  of  gaseous  fuel 
which  has  limited  it  so  much  to  the  office  of  light  giving. 

977.  Wood  was  the  common  fuel  of  the  early  world  when 
coal-mines  were  not  yet  known,  and  still  in  many  countries  it  is 
so  abundant  as  to  be  the  cheapest  fuel.  Charcoal  is  the  name 
given  to  what  remains  of  wood  after  it  has  been  heated  in  a 
close  place,  during  which  operation  the  hydrogen  and  other 
minor  ingredients  are  driven  away  in  the  form  of  vapour. 
Charcoal  is  nearly  pure  carbon.  Coke,  again,  is  the  charcoal 
obtained  by  a similar  process  from  coal.  Wood,  common  coal, 
and  oil,  if  much  heated  in  the  open  air,  bmm  or  combine  with 
the  oxygen  of  the  air  ; but  if  heated  however  much  in  a vessel 
or  a place  which  excludes  air,  they  do  not  burn  but  merely  give 
out  their  more  volatile  parts  in  the  form  of  transparent  inflam- 
mable gas  to  be  burned  elsewhere. 

978.  Good  coal,  where  it  abounds,  is  now  for  ordinary  pur- 
poses by  much  the  cheapest  Idnd  of  fuel;  and  since  within  a 
short  time  men  have  learned  to  separate  from  it,  and  to  use 
instead  of  tallow,  oil,  and  wax,  in  suitable  lamps  and  candles, 
its  illuminating  gas — namely,  its  hydrogen  holding  in  solution 
carbon,  it  has  become  doubly  precious  to  them.  A person 
reflecting  that  heat  is  the  magic  power  which  vivifies  nature, 
and  that  coal  is  what  best  gives  heat  for  the  endless  purposes  of 
human  society,  cannot  without  admiration  think  of  the  rich 
stores  of  coal  which  exist  treasured  up  in  the  bowels  of  the 
earth  for  man’s  use.  And  Britaia  in  this  respect,  is  singularly 
favoiu-ed.  Her  extensive  coal-mines  are  in  effect  mines  of  latent 
labour  or  power  vastly  more  precious  than  the  mines  of  gold 
and  silver  elsewhere.  These  coal-mines  may  be  said  to  afford  in 
abundance,  although  not  directly,  every  thing  which  human 
labour  and  ingenuity  can  produce,  or  which  money  can  buy ; 
and  they  have  essentially  contributed  to  render  Britain  a leader 
in  the  industry  and  commerce  of  the  earth.  Britain  has  become 
for  the  time  to  the  civilized  world  around,  nearly  what  a town 
is  to  the  rural  district  in  which  it  stands,  and  of  this  vast  and 
glorious  city  the  mines  in  question  are  the  coal-cellars,  stored  at 
a moderate  rate  of  consumj)tion  for  more  than  1,000  years ; 
a supply  which,  as  coming  improvements  in  the  arts  of  life 
will  naturally  bring  economy  of  fuel,  or  substitution  of  other 
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means  to  eftect  similar  piu’poses,  may  be  regarded  as  being  a veiy 
valuable  provision. 

979.  The  coal  in  many  mines  is  evidently  the  remains  of 
vegetable  growths  which  existed  in  very  remote  time.  In  many 
coal-beds  the  trees  yet  retain  then-  form,  so  that  their  species 
can  be  easily  distinguished,  and  there  are  buried  among  them 
other  vegetable  and  animal  remains  of  the  same  ages.  Coal  is 
found  of  different  qualities.  In  some  places  it  is  almost  unmixed 
carbon,  and  exceedingly  solid,  like  dense  coke,  resulting  from 
great  pressm’e  and  gi’eat  subterranean  heat.  Such  is  the  stone- 
coal  of  Wales,  some  of  which  in  100  parts  contains  97  of  pm’e 
carbon,  with  only  thi’ee  of  hydrogen  and  earthy  matter.  In 
other  places  the  coal  contains  hydrogen  in  nearly  as  large  pro- 
poidion  as  wood  does,  and  in  some  places  the  hydrogen  and 
cai’bon  are  so  combined  as  to  be  in  the  soft  condition  of  pitch, 
tar,  or  oil. 

980.  The  comparative  values,  as  fuel,  of  different  kinds  of 
carbonaceous  matter,  have  been  found  to  be  as  in  the  following 
tables : — 

One  Pound  of  Melts  of  ice. 

Good  coal  90  lbs. 

Coke  84  „ 

Charcoal  of  wood 95  ,, 

Wood  . 32  „ 

Peat 19  „ 

Lavoisier,  in  making  experiments  on  combustibles  generally, 
to  ascertain  the  quantities  of  oxygen  consumed,  and  of  heat 
given  out  during  the  combustion  of  a given  quantity  of  each, 
obtained  the  folio wng  results  : — 


One  Pound  of 

Melts  of  ice. 

Takes  of  oxygen. 

Hydrogen  gas 

7 lbs. 

Carburetted  hydrogen  . . . 

. . 85  „ 

4 „ 

Olive  oil 

. . 120  „ 

3 „ 

Wax 

. no  „ 

3 „ 

Tallow 

. 105  „ 

3 „ 

Charcoal 

. . 95  „ 

Phosphorus  

. 100  „ 

„ 
1 A 

Sulphur 

. 25  „ 

1 „ 

^ 981.  Common  coal  consists,  as  explained  above,  of  carbon  and 
bitumen  or  pitch,  of  which  pitch  again,  the  chief  element,  is  still 
carbon  combined  with  hydrogen,  one  of  the  substances  which, 
when  separate,  exist  as  ah  or  gas.  This  pitch  evaporates  at  a heat 
of  about  600°  of  Fahrenheit,  while  that  of  combustion  exceeds 
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1000°.  AVlien  fresh  coal,  therefore,  is  thrown  upon  the  top  of 
a common  lire  part  of  it  is  soon  heated  to  600°,  and  the  bitumen 
of  that  part  begins  to  rise  as  visible  opaque  smoke.  It  is  this 
which  in  great  towns  darkens  the  atmosphere,  blackens  the 
exterior  of  all  the  buildings,  and  produces  many  other  evils. 
By  managing  a coal  fire,  therefore,  so  that  it  shall  burn  or 
destroy  its  smoke,  as  may  be  done  in  various  ways,  not  only  is  a 
great  nuisance  prevented,  but  a great  saving  is  realized.  The 
loss  arises  because  the  heat,  which  the  combustion  of  the 
hydrogen  and  carbon  of  the  smoke  would  jDroduce,  is  not 
obtained,  and  because  these  substances,  in  assuming  the  gaseous 
form,  absorb  much  heat  into  the  latent  state.  Details  on  this 
subject  are  given  in  a treatise  published  by  the  author  in 
1855,  “On  the  Smokeless  Fire,  Warming,  and  Ventilating,”  to 
which  the  reader  is  referred.  There  is  no  good  reason  why  the 
atmosphere  of  London  should  not  be  rendered  as  clear  as  that 
of  the  gTeat  city  of  New  York  in  America,  where  only  stone 
coal  is  burned,  or  of  St.  Petersburg,  Berlin,  and  the  other 
European  cities,  where  winter  heating  is  obtained  altogether 
through  close  stoves. 

“ the  heat  artificially  loroduced  through  combustion,  man 
commands  the  poiver  or  force  required  to  render  active 
for  their  purposes  all  the  forms  of  machinery  which  he  has 
invented.'’  (Read  the  Analysis,  page  406.) 

982.  It  is  within  the  last  twenty-five  years  that  scientific  men, 
as  Dr.  Joule  and  others  in  Britain,  Dr.  Meyer,  and  others  in 
Germany,  have  devised  means  of  measuring  accm-ately  the 
expansive  force  of  heat  as  a mechanical  agent,  and  have  de- 
tected many  important  relations  existing  between  heat  and  the 
other  forms  of  force  operating  throughout  nature. 

983.  We  may  recall  that  to  measure  anything  is  to  adopt 
some  convenient  amount  or  quantity  of  that  as  a unit  of 
reference,  and  then  to  find  how  often  that  unit  is  contained  in 
any  new  quantity.  Thus,  if  a convenie^t  handful  of  some 
substance  be  called  a pound-weight,  any  other  quantity  of 
ponderable  matter  is  accurately  measured  when  the  number 
of  such  pounds  contained  in  it  is  ascertained.  So  if  the  average 
length  of  a human  foot  be  called  a foot-measure,  any  gxeater 
length  is  determined  by  finding  the  number  of  such  feet  con- 
tained in  it.  It  follows  that  a foot  square  is  a convenient 
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unit  for  surfaces,  and  a foot  cube  for  bulks.  A nieasm-e  for 
temperature  is  the  length  of  the  mercurial  column  of  a 
thermometer  standing  between  the  fixed  points  of  freezing  and 
boiling  water,  when  divided  into  a certain  number  of  equal 
parts,  to  be  called  unit  degrees  of  temperature.  Then  for 
quantity  of  heat,  as  distinguished  from  temperature,  a con- 
venient unit  is  that  quantity  which  just  suffices  to  raise  the 
temperature  of  one  pound  of  water  one  degree  of  the  standard 
thermometer.  Lastly,  in  relation  to  the  present  subject,  a con- 
venient unit  of  force  is  that  which  can  lift  one-pound  weight 
through  one  foot  of  height, — an  amount  now  called  a foot- 
pound. By  referring  to  such  standard  units  once  chosen  and 
generally  agi’eed  upon,  all  questions  respecting  the  mechanical 
equivalents  of  heat  and  other  forms  of  force  can  be  satisfactorily 
answered.  An  example  follows. 

984.  Let  the  outline  a,  h,  c,  d,  indicate  a vessel  like  the 
baiTel  of  a pumjj  or  steam-engine,  of  a foot 

square  in  transverse  area,  having  in  it  a moveable 
close-fitting  piston  gf,  e,  f.  That  piston,  when 
one  foot  from  the  bottom,  would  shut  up  below 
it  in  the  space  e,  f,  c,  d,  just  one  cubic  foot  of  air.  ^ 

The  surface  of  the  piston  being  an  area  of  a 

square  foot,  or  144  square  inches,  will  be 

bearing  on  its  upper  surface  the  atmospheric 

pressure  of  15  pounds  on  every  inch,  in  all  2160  ^ ^ 

poimds  or  twenty  hundred-weight,  which  in  a 

state  of  rest  'svill  be  exactly  balanced  by  the 

resisting  elasticity  of  the  confined  air  below  the  ^ ^ 

piston  (See  Article  555).  Now  experiment 

ascertains  that  by  giving  heat  to  produce  490  additional  degrees 

of  temperature  in  the  air  beneath  the  piston,  the  bulk  or  volume 

of  that  air  will  be  just  doubled,  and  it  will  gradually  push  up 

the  piston  to  the  line  a h,  two  feet  from  the  bottom.  Thus 

rising,  the  piston  lifts  a weight  of  2160  pounds  through  one  foot 

of  height.  If,  instead  of  the  atmosphere  pressing  down  the 

piston,  there  were  a mass  of  2160  pounds  of  lead  resting  on  it 

and  no  air,  the  result  would  be  the  same. 

985.  Then,  knowing  further  the  Aveight  of  a cubic  foot  of  air, 
and  the  so-called  capacity  for  heat  of  air  at  different  densities, 
as  compared  with  equal  Aveight  of  Avater,  the  computation  is 
easy,  as  explained  in  the  Appendix,  of  the  small  quantity  of 
lieat  absorbed  or  expended  in  lifting  the  vast  Aveight.  The 
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ascertained  fact  is,  that  the  amount  of  heat  which  warms  one 
pound  of  water  one  degree  of  Fahrenheit  (the  so-called  thermal 
unit)  has  force  to  lift  one  pound  weight  of  anything  772  feet, 
or  a weight  of  772  pounds  one  foot.  This  expansive  force  of 
the  unit  of  heat,  as  compared  with  the  downward  force  of 
gravitation,  is  called  the  mechanical  equivalent  of  772  foot- 
pounds. 

986.  Persons  before  studying  this  subject,  would  be  far  from 
thinking  that  so  small  an  amount  of  heat  could  produce  such 
powerful  mechanical  effect,  but  now  there  is  no  room  for  doubt. 
This  fact,  when  once  understood,  explains  many  other  marvels; 
for  instance,  the  force  of  a single  steam-engine  doing  the  water- 
pumping work  of  sis  hundred  strong  horses.  Then  it  is  the 
force  of  the  sun’s  hot  rays  which  is  daily  lifting  to  the 
clouds,  in  evaporation  from  the  water  surfaces  below,  the  enor- 
mous quantity  of  water  which  falls  again  all  over  the  globe  as 
rain  and  snow,  ultimately  to  fill  the  countless  river-channels, 
gTeat  and  small,  which  return  it  to  the  sea.  Then  it  is  the  heat 
of  the  sun  which  produces  all  the  motions  of  the  atmosphere 
called  winds,  including  the  variable  breezes  of  temperate 
climates,  the  strong  and  steady  trade-winds  of  the  tropics  all 
round  the  earth,  and  the  fui'ious  hurricanes  which  occasionally 
sweep  over  wide  regions.  And,  lastly,  the  whole  surface  of  the 
ocean  is  constantly  heaving  in  Avaves,  low  or  lofty,  produced 
by  force  of  the  wind  blowing  upon  it. 

987.  In  the  last  paragraphs  are  set  forth  phenomena  in  which 
heat  acts  mechanically  to  produce  motion  in  heavy  masses,  with 
force  exactly  proportioned  to  its  quantity.  We  have  now  to 
state,  as  new  knowledge,  that  motions  of  masses  so  produced  can, 
when  suddenly  arrested  by  obstacles,  reproduce  the  exact 
amount  of  heat  which  caused  them,  either  of  the  two  forms  of 
force  being  thus  convertible  into  the  other. 

It  had  long  been  familiarly  knoAvn  that  certain  motions  of 
masses,  while  exhibiting  the  phenomena  of  friction,  percussion, 
condensation,  and  others,  generated  heat,  but  the  relations  were 
not  accurately  determined.  Thus  a soft  iron  nail  laid  upon  an 
anvil,  and  receiving  in  rapid  succession  powerful  bloAVS  of  a 
hammer,  becomes  hot  enough  to  light  a match.  In  the  case  of 
the  mutual  percussion  of  flint  and  steel  in  the  old  gun-lock, 
small  portions  of  one  or  both  are  struck  off  in  a state  of  white 
lieat,  and  the  particles  of  tlie  iron  burn  in  passing  through  the 
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air.  The  heat  produced  by  rubbing  strongly  against  each  other 
two  pieces  of  dry  wood  is  the  means  commonly  iised  among 
savages  to  light  their  fires.  Men  warm  their  cold  liands  in 
winter  by  rubbing  them  against  each  other,  or  against  their  coat- 
sleeves.  The  axletree  of  a heavily-laden  waggon,  if  left  without 
oil,  may  be  heated  so  as  to  inflame  the  wood.  The  line  attached 
to  a whale  harpoon,  as  it  runs  over  the  side  of  the  boat,  when 
the  whale  dives  after  being  struck,  requires  to  have  water  con- 
stantly thi-own  upon  it  to  prevent  it  setting  fii-e  to  the  boat. 
The  cable  of  a shij)  drawn  very  rapidly  tlirough  the  hawse- 
opening produces  there  intense  heat  and  smoke.  When  a great 
ship  is  launched  from  the  builder’s  yard,  and  glides  along  the 
sloping  beams  to  the  water,  a dense  smoke  usually  rises  from 
the  points  of  rubbing  contact. 

988.  In  these  cases,  however,  the  amount  of  heat  produced 
seemed  variable,  and  had  not  been  accurately  measured  until 
the  experiments  made  lately  by  Joule,  Meyer,  and  others,  which 
have  proved  that  the  quantity  of  heat  is  exactly  proportioned  to 
the  mechanical  force  expended.  Thus,  a body  falling  from  a 
height,  and  arrested  by  collision  with  another  body  on  the 
ground,  produces  just  as  much  heat  shared  between  the  two  as, 
if  again  used  to  dilate  air  or  steam,  would  lift  the  body  to  the 
height  from  which  it  fell ; nearly  as  the  momentum  of  a pendulum 
acquired  by  descending  from  one  side  of  its  arc  to  the  centre, 
just  suffices  to  lift  it  to  the  same  height  on  the  other  side.  Any 
liquid  poured  out  and  falling  into  a vessel  below,  becomes  hot  in 
exact  proportion  to  the  height  of  fall.  Any  liquid,  as  water,  oil, 
mercury,  &c.,  driven  round  or  chinned  in  a vessel  by  a jDaddle- 
wheel  moved  by  a falling  weight,  is  warmed  just  in  proportion 
to  the  weight  and  the  height  of  its  descent.  Count  Eumford, 
by  the  friction  of  a boring  instrument  in  the  barrel  of  a cannon, 
driven  by  horse-power,  heated  water  around  the  cannon  in 
exact  proportion  to  the  time  during  which  the  horse  had 
worked. 

989.  It  has  now  been  discovered  that  there  are  similar  relations 
and  correspondence  between  heat  and  other  forces  and  actions,  as 
of  electricity,  chemical  combination,  or  decomposition,  muscular 
power,  &c.,  and  it  appears  that  all  these  are  convertible  into  one 
another  in  fixed  proportions.  The  word  energy  has  been  em- 
ployed as  a general  term  for  all,  and  when  any  one  disappears, 
the  assumption  is  that  the  form  only  is  changed,  while  the 
energy  remains,  as,  for  instance,  when  the  sensible  motion  and 
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momentum  of  a falling  body  are  changed  into  the  beat  which 
follows  the  impact  on  the  ground;  and  the  heat  is  said  to 
be  motion  in  the  minute  particles  of  the  body  among  themselves. 
Much  has  yet  to  be  learned  respecting  these  phenomena. 


“ Man  hy  the  command  loliich  he  has  acquired  over  heat  and 
fire,  can  produce  artificially  the  climate  which  suits  his  con- 
stitution in  any  part  of  the  globe”  (Eead  the  Analysis, 
page  406.) 

990.  It  is  a remarkable  fact  in  nature  that  living  animal 
bodies  have  the  property  of  maintaining  in  themselves  a certain 
nearly  uniform  temperature,  whether  surrounded  by  bodies  that 
are  hotter  or  colder  than  themselves.  Persons  passing  the 
wdnter  near  the  north  pole,  where  they  are  breathing  air  cold 
enough  to  freeze  mercury,  still  have  in  them  their  natural 
warmth  of  98°  Fahrenheit;  and  the  inhabitants  of  India,  where 
the  thermometer  sometimes  stands  at  115°  in  the  shade,  have 
their  blood  only  98°  warm. 

991.  The  chief  source  of  animal  warmth  is  a kind  of  slow 
combustion  which  takes  place  in  the  lungs  between  the  oxygen 
of  the  air  which  enters  the  chest  in  breathing,  and  carbon  derived 
from  the  food  which  is  passing  throngh  the  vessels  of  the  lungs 
in  the  circulating  blood.  The  carbonic  acid  gas  which  is  then 
formed  is  expelled,  and  being  hurtful  to  life  if  breathed  again, 
like  that  formed  in  a charcoal  fire,  is  carried  away  by  ventila- 
tion. Again,  the  warmth  is  controlled  or  prevented  from  being 
excessive  by  copious  perspiration  or  evaporation  of  moistm’e 
from  the  skin  and  lungs.  Dogs,  when  much  heated  by  exercise 
or  by  the  weather,  as  they  cannot  throw  off  or  diminish  their 
natural  covering,  increase  the  evaporating  surface  by  protruding 
a long  humid  tongue. 

992.  The  power  in  animals  of  preserving  their  peculiar  tem- 
perature has  its  limits.  Intense  cold  coming  suddenly  upon  a 
man  who  has  not  sufficient  protection,  first  causes  a sensation  of 
pain,  and  then  brings  on  an  almost  irresistible  sleepiness,  which 
if  indulged  proves  fatal.  Sir  Joseph  Banks,  in  one  of  his 
voyages,  having  gone  on  shore  near  the  cold  Cape  Horn,  and 
being  fatigued,  was  so  overcome  by  the  feeling  mentioned,  that 
he  entreated  his  companions  to  let  him  sleej),  if  but  for  a few 
minutes.  His  request,  if  granted,  might  have  allowed  to  come 
upon  him  the  sleep  of  death,  as  befell  so  many  of  the  hostile 
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army  retreating  from  Russia  through  the  snows  of  1812,  when 
in  one  night  the  thermometer  fell  to  19°  below  zero,  and 
according  to  the  bulletin  30,000  horses  perished  besides  men. 
Cold  in  less  severe  degrees,  acting  through  longer  periods  on 
persons  imperfectly  protected,  induces  a variety  of  diseases, 
which  destroy  more  slowly ; as  many  of  the  Avinter  diseases  of 
England. 

Every  kind  of  animal  has  a temperature  2H’oper  to  it,  and  in 
the  diversity  are  found  creatures  fitted  to  live  in  all  parts  of  the 
earth,  Avhat  is  wanting  in  internal  bodily  constitution  being 
found  in  the  admirably  adaj)ted  covering  which  protects  them — 
covering  wliich  grows  from  them  bodies,  with  form  of  fur  or 
feather,  in  the  exact  degree  required,  and  even  so  as  in  the  same 
animal  to  vary  Avith  climate  and  season.  No  such  covering  is 
possessed  by  man ; but  his  reason,  by  Avhich  he  subjects  all 
nature  to  his  use,  enables  him  to  clothe  himself  as  befits  the  part 
of  the  globe  in  Avhich  he  chooses  to  dAvell. 

993.  The  human  race  Avhen  not  possessing  certain  arts  of 
civilization,  naturally  inhabit  a Avarm  climate,  such  as  exists 
over  vast  regions  on  both  sides  of  the  equator.  There  the  sun’s 
influence  is  strong  and  uniform,  producing  a rich  and  warm 
garden,  in  which  human  beings,  hoAvever  ignorant  of  the  world 
around  them,  Avould  have  all  their  necessities  at  once  supplied. 
The  ripe  fruit  is  there  always  hanging  from  the  branches ; of 
clothing  there  is  required  only  what  moral  feelings  may  dic- 
tate, or  Avhat  may  be  supj)Osed  to  add  grace  to  the  form  ; and 
as  shelter  from  the  Aveather,  a feAV  broad  leaves  spread  on 
connected  reeds,  comj)lete  the  tropical  hut.  The  human  farnily, 
in  multiplying  and  spreading  in  all  directions  from  such  a 
centre,  would  find,  to  the  east  and  Avest,  only  the  lengthened 
paradise,  Avith  slightly  varying  features  of  beauty ; but  to  the 
north  and  soutli  the  changes  of  season,  Avhich  cause  the  bee  of 
liigh  latitudes  to  lay  uj)  its  Avinter  store  of  honey,  and  send 
migrating  birds  from  country  to  country  to  find  the  required 
Avarmth  and  food,  would  also  rouse  man’s  energies  to  protect 
himself.  His  faculties  of  foresight  and  contrivance  would  come 
into  play,  awakening  industry ; and  through  these  he  Avould  in 
time  possess  the  laiowledge  and  the  arts  Avhich  secure  to  him  a 
happy  existence  in  all  climates,  from  the  equator  almost  to  the 
pole.  And  it  is  chiefly  because  man  has  learned  to  j)roduce  at 
Avill,  and  to  control,  the  wonder-working  j)rinciple  of  heat,  that 
in  the  rude  Avinter,  Avhich  seems  the  death  of  nature,  lie,  and 


490 


HEAT. 


otlier  tropical  animals  and  plants  which  he  chooses  to  protect, 
do  not  in  reality  perish — as  does  a tame  canary  bird  escaping 
from  its  cage,  or  a traveller  losing  his  way  among  drifting  snows. 
By  producing  heat  from  liis  fire,  man  obtains  a noAml  and  most 
pleasurable  existence ; and  in  the  night,  while  the  freezing 
winds  are  howling  over  his  roof,  he  basks  in  the  presence  of  his 
mimic  siin,  surrounded  by  happy  friends  and  all  the  delights  of 
society;  while  in  his  store-rooms,  or  in  those  of  others  at  his 
command,  may  he  treasured  the  desired  things  of  every  season 
and  clime.  He  then  becomes  aware,  that  the  •winter,  instead 
of  being  an  unmixed  evil,  is  really  in  many  respects  a blessing, 
by  arousing  from  the  apathy  to  which  the  unvarying  serenity  of 
a tropical  sky  so  much  disposes.  He  sees  that  in  climates 
where  labour  and  ingenuity  must  precede  ejrjoyment,  every 
faculty  of  mind  and  body  is  invigorated ; and  that  hence  the 
sterner  temperate  climates  produce  the  perfect  man.  In  these 
chiefly  have  the  arts  and  sciences  reached  their  highest  advance- 
ment, and  the  brightest  examples  have  arisen  of  intellectual 
and  moral  excellence.* 


* Aktificial  Climate  hy  the  arts  of  warming  and  venti- 

lating. 

The  writer  has  treated  this  subject  at  considerable  length  in  his 
work  published  by  Longman  and  Co.,  referred  to  in  Art.  981.  He 
gives  a brief  outline  in  this  note. 

The  four  essentials  to  the  life  and  health  of  human  beings  are, — 
fit  air,  loarmth,  aliment,  and  rest,  alternating  with  action.  An  indi- 
vidiial  if  deprived  of  the  first,  dies  in  a few  minutes,  as  by  drown- 
ing or  other  suffocation ; if  deprived  of  the  second,  he  dies  in  a few 
hours,  as  when  overwhelmed  in  a snow-storm ; if  deprived  of  the 
third,  he  dies  in  a few  days,  as  when  left  on  a bare  rock  after  ship- 
wreck ; and  if  deprived  of  the  fourth,  he  dies  in  a few  days,  weeks, 
or  months,  according  to  other  circumstances.  Want  or  faulty  man- 
agement in  regard  to  the  first  two  of  these  are  the  chief  causes  of 
much  of  the  imperfect  health  and  the  premature  mortality  suffered 
by  the  inhabitants  of  changeable  climates. 

It  is  not  yet  a century  since,  through  the  labours  of  scientific  men, 
and  chiefly  of  Priestley,  Lavoisier,  Kumford,  and  Davy,  it  was  dis- 
covered that  atmospheric  air  consists  of  two  ponderable  substances, 
of  which  oxygen  is  one ; and  that  the  phenomenon  of  combustion 
or  fire  arises  during  the  veiy  energetic  chemical  combination  of 
oxygen  with  other  substances  called  fuel  or  combustibles. 

Human  beings  living  in  the  savage  state  without  houses  use 
fire  principally  for  the  purpose  of  cooking  food,  the  fuel  being 
wood  burning  on  the  ground  in  the  open  air.  A very  small  portion 
of  the  heat  so  produced  is  turned  to  account,  the  gross  amount 
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being  dissipated  into  space,  partly  by  radiation  and  partly  by 
beino-  carried  aAvay  in  combination  with  tbo  smoke. 

Of  fire  burning  in  an  enclosed  space  all  the  heat  is  retained, 
o-iving  warmth  to  the  substance  of  the  walls  and  to  the  air  within 
Them.  It  would  have  been,  therefore,  a very  simple  affair  in  cold 
weather  to  Avarm  a closed  .apartment  to  any  desired  degi-ee  by 
lighting  a fire  in  it,  but  for  the  fact  that  the  smoke  and  other 
products  of  combustion,  if  breathed  in  a concentrated  state  by 
animals,  are  destructive  to  life. 

^^'hen  the  object  was,  therefore,  to  warm  the  air  in  any  dwelling 
by  a fire,  it  was  found  necessary  to  have  an  opening  in  the  roof 
or  ceiling  by  which  the  smoke  might  escape ; or  the  fire  had  to 
be  made  in  an  enclosed  space  beneath  the  floor,  through  which 
the  heat  would  slowly  penetrate  by  conduction;  or  it  might 
bum  in  a close  receptacle  in  the  room,  to  be  called  a stove, 
constincted  of  brick  or  other  material,  and  having  a channel  for 
smoke  leading  directly  to  the  outer  atmosphere.  In  England,  up 
to  a late  time,  it  was  common  in  spacious  halls,  as  of  colleges, 
courts  of  law,  and  elsewhere,  to  have  a great  brazier  or  hearth 
near  the  middle  of  the  room,  with  an  opening  for  smoke  in  the 
ceiling  above. 

It  was  an  important  advance  in  the  art  of  warming  rooms  by  open 
fires,  when  the  fuel  was  placed  against  the  wall  to  radiate  around, 
and  a chimney-flue  was  constructed  in  the  wall  over  it  to  carry 
aAvay  the  smoke  without  allowing  any  mixture  with  the  air  of  the 
room.  The  arrangement  of  the  fireplace  and  chimney  in  the  wall 
had  become  general  in  this  kingdom  in  the  last  century. 

In  countries  where  the  winters  are  colder  than  in  England,  as 
the  northern  continental  parts  of  Europe,  it  is  found  that  sitting- 
rooms  cannot  be  satisfactorily  warmed  by  open  fires  of  any  mag- 
nitude, because  of  the  loss  of  heat  through  the  wide  chimney,  and 
in  consequence  close  stoves  of  masonry  or  of  metal  are  universally 
used,  as  well  in  royal  palaces  as  in  the  dwellings  of  the  poor,  and  not 
from  the  motive  of  saving  fuel,  but  for  the  sake  of  comfort  and 
health. 

At  the  beginning  of  this  century,  Benjamin  Thompson,  more 
commonly  Iniown  as  Count  Eumford,  while  engaged  with  other 
philanthropists  in  establishing-the  Eoyal  Institution  of  London,  in 
which,  since  then,  Davy,  Faraday,  and  other  distinguished  men  have 
laboured  so  usefully  for  the  public  good,  proved  that  in  the  common 
open  English  fireplace  more  than  seven-eighths  of  the  heat  produced 
mounted  with  the  smoke  to  waste ; and  he  ascertained  and  taught 
that  the  single  change  of  nan-owing  considerably  the  throat  of  the 
chimney  would  save  nearly  half  the  fuel.  Innumerable  projects 
for  further  improvement  have  since  then  been  offered,  for  which 
patents  have  been  taken,  mostly,  however,  by  persons  who  had 
little  scientific  knowledge  on  the  subject,  but  none  of  them 
have  been  accepted,  like  Eumford’s,  as  generally  useful.  The 
present  writer  having,  in  his  professional  experience,  seen  how 
many  of  the  diseases  occurring  in  Avinter  are  caused  by  errors 
committed  in  regard  to  warmth  and  ventilation,  was  led  in  1838 
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and  1855  to  publisli  a short  treatise  on  the  subject  for  popular 
instruction,  and  to  suggest  remedies  for  certain  of  the  evils.  The 
Council  of  the  Eoyal  Society  honoured  him  in  1856  by  the  award 
of  the  Eumford  Medal,  in  testimony  of  their  approval  of  what-  ho 
had  done. 

The  following  description  of  the  wasteful  open  fireplace  and 
its  action  will  bring  the  subject  before  the  reader. 

The  grate  is  a cage  or  receptacle  for  fuel,  about  ten  inches  deep, 
fourteen  inches  broad,  and  nine  or  ten  inches  from  back  to  front,  it 
has  usually  three  bars  of  iron  in  front,  the  sides  and  back  are  of  iron 
or  fire-brick,  and  the  bottom  is  an  iron  grating  allowing  air  to  enter 
and  ashes  to  fall  out.  There  is  left  a large  open  space  between  the  fire  - 
and  the  smoke-flue  above  causing  much  of  the  waste.  To  prepare 
for  lighting,  the  grate  is  charged  with  common  bituminous  coal, 
having  firewood  and  paper  beneath.  When  the  paper  is  lighted, 
combustion  gradually  spreads,  causing  much  smoke  to  arise,  part  of 
which  is  deposited  in  the  flue  as  soot.  Slight  causes  may  send  part 
of  the  smoke  back  into  the  room.  The  fuel  being  consumed  rapidly, 
has  to  be'  frequently  renewed,  and  hence  there  are  required  constant 
attention  and  poking  to  obtain  any  approach  to  uniform  action. 
Strong  currents  of  chilling  air  flow  from  the  door  and  windows 
towards  the  chimney. 

A great  aim  in  regard  to  such  open  fire  has  been  to  lessen  the 
formation  of  smoke.  Dr.  Franklin,  of  America,  proposed  to  place 
the  burning  fuel  in  a moveable  cage,  and  after  fresh  fuel  was 
introduced  at  the  top,  to  turn  the  cage  half  round,  so  that  the 
smoke  of  the  new  fuel  should  pass  through  the  ignited  fuel  above, 
and  be  there  burned ; but  unforeseen  difficulties  presented  them- 
selves. Other  inventors  made  complex  mechanical  apparatus  to  force 
up  coal  from  below  through  the  bottom  of  the  grate,  but  their  plans 
also,  from  the  expense  and  frequent  failure,  were  abandoned.  The 
present  writer  saw  that  much  good  might  be  obtained  by  causing 
the  fire  to  burn  from  above  downwards  as  a candle  does,  and  by 
using  the  poker  as  a simple  lever  to  lift  the  fuel  on  a moveable  bot- 
tom. This  arrangement  is  now  employed  to  a considerable  extent. 

Many  common  English  grates,  by  slight  inexpensive  changes,  can 
be  made  to  effect  several  of  the  ends  sought,  thus — 

1st.  The  surfaces  of  the  back  and  sides  of  the  grate  may  be  con- 
tinued vertically,  in  fire-brick  or  otherwise,  to  the  chimney-throat, 
so  as  to  narrow  much  the  open  space  between  the  burning  fuel  and 
the  throat.  This  prevents  the  gi-eat  waste  of  heat  caused  in  common 
grates  by  the  mixing  of  much  of  the  pure  warmed  air  of  the  room 
with  the  smoke,  which  has  to  ascend  the  chimney  to  depart. 
2nd.  A throttle- valve,  or  a sliding  damper  may  be  placed  in  the 
chimney-throat,  with  its  handle  projecting  in  front,  so  that  the  size 
of  the  passage  may  be  regulated  at  will,  and  its  state  may  always  be 
known.  This  damper  can  be  always  so  far  closed  as  to  leave  passage 
for  little  more  than  the  true  smoke,  or  hot  foul  air  rising  directly 
from  the  fire.  Thus  will  the  flue  be  filled  with  hot  air,  almost 
undiluted,  and  the  great  heat  will  cause  chimney-draught  much 
stronger  than  exists  witli  the  common  grate,  absolutely  preventing 
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any  return  of  smoke  into  the  room,  and  which,  when  desired,  can 
urge  the  fire  almost  like  a bellows.  Such  chimney-draught  will 
also  quicken  remarkably  the  ventilation  of  the  room  through  the 
opening  made  near  the  ceiling  to  receive  the  balanced  ventilating- 
valve,  now  in  very  common  use,  and  it  may  be  made  to  draw  through 
that  opening  the  hot  impure  air  arising  from  the  burning  of  candles 
or  lamps,  or  from  other  sources.  3rd.  On  the  bottom  of  the  grate 
can  be  laid  a jdate  of  sheet  iron,  covering  it  to  within  about  half 
an  inch  of  the  border  all  round,  so  that  only  a little  air  shall  enter 
there,  and  a length  of.  plate  iron  may  be  placed  to  rest  on  edge, 
as  a lining  or  shutter  between  the  lower  bar  and  the  bottom  of 
the  grate — still  further  preventing  the  entrance  of  air  there.  4th. 
To  prepare  for  lighting  the  fire  at  the  top  and  making  it  burn 
downwards,  the  grate  may  be  filled  with  common  coal  to  near  the 
level  of  the  upper  bar,  and  upon  that  pieces  of  twisted  paper  and 
firewood  will  be  laid  as  usual,  and  over  the  wood  a layer  of  the  cinder 
or  caked  coal  left  from  the  fire  of  the  preceding  day.  The  com- 
bustibles being  so  arranged,  and  a match  being  applied  to  the  paper, 
the  fire,  by  reason  of  the  strong  draught,  blazes  up  with  singular 
rapidity.  It  will  bum  for  many  hours,  and  if  the  grate  be  deep, 
even  for  the  whole  day,  without  being  touched.  In  the  evening, 
when  the  fuel  is  nearly  consumed,  the  fire  may  be  extinguished 
instantly  by  lifting  off  one  or  two  of  the  remaining  pieces.  At  any 
time  when  desired,  the  fire,  by  a touch  of  the  poker,  and  sometimes 
by  the  application  in  front  of  a sheet  blower,  may  be  excited  to  great 
activity.  The  writer,  years  ago,  had  the  old  fireplace  of  his  libraiy 
altered  in  the  way  now  described,  and  the  result  has  been  quite 
satisfacfcoiy.  Fresh  air  is  admitted  to  the  room  through  a channel 
from  the  outside,  which  discharges  under  the  fender,  and  that  air, 
tempered  by  contact  with  the  warmed  fender,  is  then  diffused  all 
around. 

A grate,  constructed  to  act  without  re-charging  for  a long  day,  as 
above  described,  has  beneath  the  firebox  a receptacle  for  coal, 
which  coal,  supported  on  a moveable  piston-like  bottom,  can  be 
easily  raised  when  there  is  need,  by  a hand  using  the  poker  as  a 
simple  lever.  At  any  time  a lump  of  coal  placed  on  the  very  hot 
upper  surface  of  this  fire  blazes  quickly  and  lasts  long,  giving  out 
hardly  any  smoke. 

Since  the  publication  of  the  writer’s  book,  various  manufac- 
turers have  engaged  in  making  stoves  with  the  simple  lever  to  lift 
the  coal,  but  wishing  to  claim  some  peculiar  new  merit,  have  de- 
viated so  as  to  fail.  The  grates  which  for  years  have  given  satis- 
faction in  the  writer’s  drawing-rooms,  were  placed  there  by  Messrs. 
Bailey,  of  272,  Holborn. 

As  when  this  fireplace  is  properly  arranged  it  cannot  disappoint, 
there  is  hope  that  intelligent  makers  will  undertake  to  provide 
them  on  the  condition  of  taking  back  a grate  which  does  not 
answer.  ^ An  incompetent  maker  would  scarcely  engage  in  the 
business  if  bound  by  that  condition. 

The  Close  Stove. — The  old  form  of  this,  with  its  narrow  flue 
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to  carry  away  the  smoke,  is  hero  sketched.  By  such  a stove,  a close 

room  can  he  readily  warmed  to  any  desired 
temperature  at  the  cost  of  a fourth  part  of  the 
fuel  required  in  an  open  grate.  But  the 
common  stove  has  important  defects.  It 
scarcely  at  all  promotes  the  ventilation  of 
the  room,  although  in  any  place  without 
change  of  air,  persons  would  soon  be  suf- 
focated. It  may  vitiate  the  air  of  the  room 
by  becoming  overheated  ; and  there  is  much 
difficulty  in  regulating  satisfactorily  the  rate 
of  combustion.  Notwithstanding  the  ob- 
jections, close  stoves  are  the  chief  means  of 
warming  dwelling-houses  during  the  winter 
in  the  northern  parts  of  continental  Europe. 
The  present  writer,  when  his  attention  was  drawn  to  the  subject, 
in  relation  to  the  preservation  of  health,  saw  the  possibility  of  con- 
necting with  the  stove  such  a self-acting  current-regulating  air- 
valve  as  can  remedy  completely  the  evils  above  referred  to. 

He  has  had  in  his  dining-room  a stove  so  regulated  for  more 
than  twenty  years.  The  fire  in  it  is  lighted  in  October,  and 
biu-ns  uninterruptedly  night  and  day  until  May  of  the  following 
year.  The  seiwants  have  to  touch  it  only  when  j)utting  in  coal  at 
bedtime,  and  raking  out  the  little  ash  in  the  morning,  with  trouble 
scarcely  greater  than  that  of  winding  up  a clock.  It  maintains  in 
the  room  a temperature  of  about  62  degrees  of  Fahrenheit,  or  higher 
if  desired,  and  the  room-door  being  left  open,  except  at  meal  times, 
the  warmed  air  issues  to  the  staircase,  and  so  pervades  the  whole 
house.  An  air  channel  under  the  fioor,  direct  from  the  outer 
atmosphere,  having  an  area  of  eight  inches  by  four,  admits  fresh 
air  immediately  under  the  stove  to  be  warmed,  and  to  spread.  The 
family,  in  consequence,  have  been  free  from  winter  illnesses  when 
these  were  common  in  the  neighbourhood.  Experience  in  many 
other  cases  has  shown  that  such  a self-regulating  fire  in  the  entmnce- 
hall  of  a house,  goes  far  to  secure  to  the  inhabitants  the  advantages 
of  the  climate  of  the  south  of  Europe  or  Madeira,  and  could  save  to 
many  invalids  the  pain  of  banishment  from  home  and  its  comforts. 

The  current-regulating  air-valve  for  close  stoves,  on  which  their 
important  qualities  depend,  occurred  to  the  writer  while  composing 
his  “ Elements  of  Physics.”  A perfect  simple  current-regulator  was 
until  then  a desideratum  in  art  for  various  important  purposes. 
Many  forms  were  devised,  of  which  one,  because  the  most  easily 
explained  by  a sectional  diagram,  is  here  sketched. 

The  strong  lines  mark  the 
extemal  square  tube  or  case, 
about  four  inches  long,  and 
half  as  wide,  to  be  fitted  on  by 
the  end  A to  an  entrance  of 
the  ashpit. — The  arrows  show 
B the  direction  of  the  air  cur- 

rent passing  thi'ough.  The  line  E G marks  the  moveable  internal  part 
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which  modifies  the  cxm-ent.  It  is  a lever  frame  perfectly  balanced 
and  turning  on  the  upper  edge  of  the  cross  partition  C B as  its  axis. 
One  half  or  ann  C E of  the  lever  is  a breadth  of  wire  gauze 
through  which  the  current  of  air  forces  itself,  causing  a downward 
pressure  and  motion.  The  other  arm  C G F carries  at  its  end  a 
bent  plate  G F (here  seen  edgeways),  Avhich,  on  being  raised  as  the 
lever  moves,  becomes  a shutter  naiTowing  the  air-entrance  H D. 

The  self-weakening  action  of  the  current  would  soon  extinguish 
a firo  dependent  on  it,  if  there  were  not  a small  weight  placed 
near  the  extremity  of  the  arm  at  F,  which  counteracts,  and  by 
pressing  down  the  shutter  F G,  admits  just  air  enough  for  its  pur- 
pose, and  the  current  then  continues  quite  uniform  until  changed  by 
lessening  or  increasing  the  weight  W,  or  altering  its  power  by 
moving  it  nearer  to  or  fuidher  from  the  centre  of  motion  C.  It  will 
bo  observed  that  the  cuiTent  blowing  perpendicularly  on  the  bent 
plate  E G has  no  effect  either  to  raise  or  lower  it. 

This  kind  of  valve  may  be  put  on  any  close  stove  with  much 
advantage,  and  is  an  important  addition  to  all  channels  serving  for 
ventilation.  Among  the  makers  are  Messrs.  Bailey,  272,Holb^orn, 
and  Mr.  Griffin,  120,  Bunhill  Eow.  Further  details,  reporting  recent 
experience,  will  be  given  in  an  Appendix  to  the  work  on  warming 
and  ventilating. 

The  adjoining  woodcut  exhibits  in  section  the  complete  self- 
regulating self-feeding  close  stove  above  referred  to. 

The  letters  A B 0 I)  mark  the  external  case,  which  prevents  the 
intense  heat  of  the  inner  stove 
abed  from  damaging  the  air  of 
the  room.  It  is  not  allowed  to  be 
hotter  than  a tea-um 
boiling-water. 

F is  the  regulating  valve,  c and  d 
the  fire-brick  lining  of  the  fuel-box. 

H the  coal  reseiwolr  or  hopper 
containing  coal  enough  to  last  for 
twenty-four  hours,  which  falls  down 
as  the  coal  below  is  consumed.  It 
is  charged  with  coal  through  the 
lids  7c  and  K,  both  of  which  are  ren- 
dered air-tight  by  having  their 
turned-down  rims  or  edges  dip- 
ping into  grooves  filled  with  sand,  at  e e. 

The  burned  air  from  the  fire  M rises  up  in  the  space  between  the 
hopper  and  the  inner  stove  case,  to  pass  away  by  the  internal  flue 
X into  the  other  flue  X of  the  outer  case. 

L is  the  ash-pit,  G the  ash-pit  door, — ground  close. 

M is  the  fuel  intensely  ignited  below,  where  the  fresh  air  is  enter- 
ing to  maintain  combustion. 

The  fuel  must  be  good  stone-coal  or  coke,  and  not 
bituminous  coal  producing  gas,  which  might  suddenly  inflame. 


containing 


common 
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In  concluding  this  chapter  on  Heat,  it  seems  befitting  to 
advei-t  again  to  the  two  important  facts : 1st.  That  much  of  the 
disease  causing  premature  mortality  among  men  is  produced  by 
ill-managed  temperature,  dependent  often  on  faults  of  ventila- 
tion ; and  2nd.  That  the  store  of  coal-fuel  in  the  bowels  of  the 
earth  applicable  to  human  purposes  is  limited,  and  may  be  ex- 
hausted. 

Coal  in  combustion  is  now  the  great  agent  which  in  the  re- 
cently-invented steam-engine  is  performing  nearly  all  the  heavy 
work  of  the  advanced  civilization  of  the  present  day.  It  is 
doing  the  work  of  our  railways  and  steam-ships,  of  the  great 
manufactories  which  spin  and  weave  our  clothing,  of  the  mines 
from  which  the  coal  itself  is  extracted,  and  the  crude  ore  which 
coal  in  furnaces  then  converts  into  precious  n-on ; and  it  gives 
us  the  gas  for  lighting,  which  now  almost  changes  night  into 
day.  But  unlike  corn  and  fruit,  and  the  herds  of  tame  animals, 
on  which  men  subsist,  all  of  which  are  as  regularly  renewed 
year  after  year  as  they  are  consumed,  the  coal  of  a mine  when 
once  exhausted  is  never  replaced.  The  high  station  of  England 
at  present  among  the  nations  is  due  in  no  small  degree  to  the 
extraordinary  wealth  of  coal  found  beneath  its  surface.  Yet 
when  the  British  Association  for  the  Advancement  of  Science 
held  its  meeting  at  Newcastle  in  1863,  the  president.  Sir  W. 
Armstrong,  had  to  show,  in  his  opening  address,  how  rapidly 
the  store  of  coal  in  this  country  is  being  reduced.  The 
annual  consumption,  including  exportation  abroad,  is  now  nearly 
seventeen  times  greater  than  it  was  at  the  beginning  of  the 
century.  He  stated  his  belief,  which  is  that  also  of  the  present 
writer,  that  with  better  management  in  the  domestic  use  of 
coal,  very  superior  results  may  be  obtained  with  largely  di- 
minished consumption.  To  waste  this  precious  fuel  is  not  to 
act  like  prudent  parents  thinkiug  of  the  interest  of  descendants. 
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SECTION  IT.— ON  LIGHT  AND  OPTICS. 


ANALYSIS  OF  THE  SECTION. 

Light  is  an  emanation  from  the  sun  and  other  self-luminous  bodies, 
becoming  less  intense  as  it  sp-eads,  and  tohich,  by  falling  on  other  bodies, 
and  being  reflected  from  them  to  the  eye,  renders  them  visible.  Its  ab- 
sence is  called  darJeness.  It  moves  loith  great  velocity,  and  in  straight 
lines  where  theix  is  no  obstacle, — leaving  shadows  where  it  cannot  fall. 
It  passes  readily  through  some  bodies — lohich  are  therefore  called  trans- 
parent,— bid  ivlien  it  enters  or  leaves  their  surfaces  obliquely,  it  suffers 
at  them  a degree  of  bending  or  refraction  proportioned  to  the  obliquity. 
A beam  of  white  light  thus  refracted  does  not  all  bend  equally,  bid  is 
divided  or  resolved  into  beams  of  the  different  colours  seen  in  the  rain- 
bow, lohich  colours,  on  being  again  blended,  become  the  white  light  as 
before. 

Transparent  substance,  as  glass,  may  be  so  formed  as,  by  the  power  of 
refraction  due  to  form,  to  cause  all  the  rays  which  pass  through  it  from 
any  point  on  one  side  of  it  to  bend  and  meet  again  in  a corresponding 
point  beyond  it  called  a focus,  and  after  so  meeting  and  crossing,  to  pass 
on  as  before ; — the  body  then,  because  in  form  somewhat  resembling  a 
flat  bean  or  lentil,  being  called  a lens.  When  the  light  thus  proceed- 
ing from  every  point  of  an  object  placed  before  a lens^  is  collected  at 
coiresponding  points  behind  it,  a distinct  image  of  the  object  is  there 
produced,  visible  from  any  situation  on  a white  screen  placed  to  receive 
it,  or  in  the  air,  if  viewed  from  behind.  The  most  important  optical 
instruments  and  even  the  living  eye,  are  merely  different  arrangements 
of  parts  for  producing  and  examining  such  images  as  noio  described. 
When  the  image  is  received  upon  a suitable  white  surface  or  screen  in  a 
darli  room,  the  arrangement  is  called,  according  to  minor  circumstances, 
a CAMERA  OBSCURA  (that  is,  a dark  chamber),  a magic  lantern,  or  a 
SOLAR  MICROSCOPE.  And  even  the  living  eye  is,  in  fact,  but  a small 
camera  obscura,  enabling  the  mind  to  judge  of  external  objects,  by  the 
size,  brightness,  colour,  &c.,  of  the  very  minute  but  most  perfect  images  or 
pictures  formed  at  its  bach  part,  on  the  smooth  screen  of  nerve  called 
the  retina.  The  art  of  painting  aims  at  producing  on  a larger  scale 
such  a picture  as  is  formed  on  the  retina,  which  lohen  afterwards  held 
before  the  eye,  and  reproducing  itself  in  miniature  upon  the  retina,  may 
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excite  nearly  the  same  imjyression  as  the  miginal  objects.  When  the 
image  beyond  a lens,  formed  as  above  described,  is  viewed  in  the  air,  by 
looking  at  it  from  behind,  in  the  line  of  the  axis  of  the  lens,  there  then 
exists  the  arrangement  of  parts  constituting  a telescope  or  a miceoscope. 

Hays  of  light  falling  on  very  smooth  or  polished  plane  surfaces,  are 
reflected  so  exactly  in  the  orde>-  in  lohich  they  fall,  as  to  appear  to  the 
eye  receiving  them  to  be  coming  directly  from  the  objects  originally 
emitting  them— and  such  surfaces  are  called  plane  mirrors.  Mhroi-s 
may  be  plane,  convex,  or  concave  ; and  certain  concave  forms  concen- 
trate light,  to  produce  images  by  reflection,  just  as  lenses  produce  them 
by  refraction ; so  that  there  are  reflecting  telescopes,  microscopes,  dc., 
as  the)-e  are  refracting  instruments  of  the  same  names.  Light,  again, 
falling  on  bodies  of  rough  or  irregular  surface,  or  which  have  other 
peculiarities,  is  so  modified  as  to  produce  cdl  the  phenomena  of  colour 
and  varied  brightness  seen  among  natural  bodies,  and  giving  to  them 
their  distinctive  characters  and  beauty. 


“ lAgM.” 

994.  The  phenomena  of  light  and  vision  have’  for  all  minds 
surpassing  interest,  whether  in  regard  to  the  beauty  of  light,  or 
its  utility.  The  beauty  is  seen  spread  over  a varied  landscape 
— in  the  verdure  of  fields  and  forests,  among  the  beds  of  the 
flower-garden,  in  the  plumage  of  birds,  iu  the  clouds  around 
the  rising  and  setting  sun,  in  the  circles  of  the  rainbow.  And 
the  utility  is  such  tliat  if  man  had  needed  to  supply  his  wants 
by  groping  in  utter  and  unchangeable  darkness,  even  if  origi- 
nally possessed  of  all  the  knowledge  now  existing  in  the  world, 
he  could  scarcely  have  secured  his  existence  for  one  day. 
Eternal  night  would  have  been  universal  death.  Light,  then, 
while  the  beauteous  garb  of  nature,  is  also  the  absolutely  neces- 
sary medium  of  communication  between  living  creatures  and 
the  universe  • around  them.  The  rising  sun  is  what  converts  tlie 
wilderness  of  darkness  which  night  covered,  and  which,  to  the 
mind  of  a child  not  yet  aware  of  the  regularity  of  nature’s 
changes,  is  so  full  of  horror,  into  a visible  and  lovely  paradise. 
No  wonder,  then,  if  in  early  ages  of  ignorance,  man  has  often 
been  seen  bending  the  knee  before  the  glorious  sun  to  worship 
in  it  the  God  of  Nature. 

995.  A man,  wherever  placed  in  light,  receives  by  the  eye 
from  every  object  around,  nay,  from  every  point  in  every  object. 
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and  at  every  moment  of  time,  a messenger  of  light  to  tell  him 
what  is  there,  and  in  what  condition.  Had  he  the  power  of 
flitting  from  place  to  place  with  the  speed  of  thought,  he  could 
not  be  more  promptly  informed.  Then,  in  many  cases  where 
objects  of  interest  are  near,  light  can  impart  at  once  knowledge 
respecting  them,  which,  hy  any  other  conceivable  means,  could 
come  but  tediously,  if  at  all.  For  example,  when  the  illumined 
countenance  of  a companion  is  revealing  the  secret  workings  of 
the  mind,  the  tongue  would  in  vain  try  to  speak,  even  in  long 
phrases,  what  one  smile  of  intelligence  or  affection  can  in  an 
instant  convey.  Then  had  there  not  been  light,  man  never 
could  have  suspected  the  existence  of  the  miniature  worlds  of 
life  and  activity,  which,  even  in  a drop  of  water,  the  micro- 
scope discovers  to  him  ; nor  could  he  have  formed  any  idea  of 
the  admirable  structure  of  the  very  minute  objects  of  nature. 
It  is  light  again  which,  pouring  upon  the  eye  through  the  tele- 
scoj)ic  tube,  brings  to  this  earth  intelligence  of  other  worlds  and 
other  suns  existing  in  the  remote  regions  of  space. 

“ Emanaiion  from  the  sunf  ^c.  (Head  again  Analysis, 
page  497.) 

996.  In  tropical  countries,  where  the  sun  rises  and  sets 
almost  perpendicularly,  not  allowing  the  long  dawn  and  twilight 
of  temperate  latitudes,  the  change  from  perfect  darkness  to  the 
ovei’powering  effulgence  of  day,  and  the  contrary  change  in  the 
evening,  are  so  sudden  as  to  be  highly  impressive.  An  eye 
turned  in  the  morning  to  the  east  has  scarcely  noted  a com- 
mencing brightness  there,  when  that  brightness  has  already 
become  a glow ; and  in  a few  minutes  the  sun  has  risen,  dis- 
playing his  breadth  and  glory,  soon  too  bright  for  the  eye 
to  dwell  upon.  With  evening  the  same  appearances  recur  m a 
reversed  order,  ending,  as  in  the  morning  they  began,  by  com- 
plete darkness.  ' 

Light  emanates  also  from  the  stars,  but  they  are  so  distant 
as  in  that  respect  to  be  of  little  importance  to  this  earth. 
And  all  bodies  in  combustion,  or  when  heated  to  the  temperature 
of  ignition,  are  self-luminous. 

997.  There  have  been  two  opinions  respecting  the  nature  of 
light ; one,  that  it  consists  of  extremely  minute  particles  dart- 
ing all  around  from  the  luminous  body;  the  other,  that  the 
phenomenon  is  altogether  dependent  on  an  undulation  in  the 
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substance  of  a very  subtile  elastic  fluid  diffused  tlirougli  space — 
as  sound  is  dependent  on  an  undulation  among  air-particles. 
The  latter  opinion  is  now  that  generally  accepted,  although  the 
fact  that  light  spreads  so  nearly  in  distinct  straight  lines,  instead 
of  diffusing  itself  all  around  as  sound  does,  is  an  important 
difference. 

‘‘Becoming  less  intense  as  it  spreads”  (See  the  Analysis, 
page  497.) 

998.  Any  emanation  from  a central  point,  in  spreading  through 
wider  space,  becomes  thinner  or  less  intense  in  proportion  as  it 
spreads.  Thus,  if  a taper  be  placed  in  the  centre  of  a cubical 
box  every  side  of  wliich  is  a foot  square,  the  light  falling  on 
the  sides  of  the  box,  will  have  a certain  intensity  there : — if  the 
taper  be  then  placed  in  a similar  box  with  sides]  of  two  feet 
square,  there  will  be  only  the  same  quantity  of  light,  but  it  will 
be  spread  over  four  times  as  mueh  surface — -for  a square  having 
two  feet  in  the  edge,  is  made  up  of  four  squares  of  one  foot — and 
will,  therefore,  on  any  part  of  that  surface,  be  only  one-fourth 
part  as  strong  or  intense  as  in  the  first  box : — and  so  for  any 
other  size  of  box  or  space,  the  intensity  will  diminish  as  the 
square  of  the  distance  increases.  (See  Art.  26.) 

Hence  four  times  as  much  light  and  heat  fall  upon  a foot  of 
this  earth’s  surface  at  its  actual  distance  from  the  sun,  as  if  it 
were  twice  as  far  off  beyond  the  planet  Mars,  just  as  four  times  as 
much  light  and  heat  fall  on  a man  placed  two  yards  from  a fire, 
as  on  another  who  is  distant  twice  as  far. 


“Falling  on  other  bodies  makes  them  visible!'  (Bead  the 
Analysis,  page  497.) 

999.  If  the  window-shutter  of  an  apartment  be  perfectly 
closed,  an  eye  present  turns  upon  an  absolute  blank : it  perceives 
nothing.  If  a beam  of  the  sun  be  then  admitted,  and  be  made 
to  fall  upon  some  object,  that  object  becomes  bright,  and  affects 
the  eye  almost  as  if  it  were  itself  luminous.  It  returns  a part 
of  the  light  which  falls  upon  it,  and  it  is  visible  in  all  directions, 
proving  that  it  scatters  the  received  light  all  around  and  nearly 
uniformly.  This  scattered  light,  then,  falling  on  other  objects, 
and  reflected  again  and  again  among  them  until  absorbed — like 
echo  repeated  many  times  and  lost  between  perpendicular  rocks. 
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makes  all  of  them  also  visible,  although  in  weaker  degrees,  and 
the  whole  apartment  is  said  to  be  lighted.  If  the  direct  ray  be 
made  to  fall  upon  a thing  which  from  its  nature  reflects  much  of 
the  light,  as  a sheet  of  white  paper  or  a mirror,  the  apartment 
will  be  more  lighted : — if,  on  the  contrary,  it  be  received  on 
black  velvet,  which  returns  hardly  any  light,  the  apartment  will 
remain  nearly  dark.  When  the  ray  is  received  on  a polished 
surface  or  mirror,  which  returns  nearly  the  whole  light,  but 
only  in  one  direction,  and  therefore  throws  it  upon  some  other 
single  object,  the  effect  will  be  according  to  the  natm-e  of  that 
object,  and  nearly  as  if  the  beam  had  fallen  directly  upon  it. 

1000.  Now  all  bodies  on  earth,  and  among  these  the  constit- 
uent particles  of  the  mass  of  atmosphere  surrounding  the  earth, 
retain  and  diffuse  among  themselves,  for  a time,  the  light  received 
directly  from  the  sun,  and  by  so  doing,  maintain  everywhere 
that  mild  radiance  or  luminosity  agreeable  to  the  sight,  which 
renders  objects  visible  when  the  sun’s  direct  rays  do  not  fall 
upon  them.  But  for  this  fact  indeed,  all  bodies  shadowed  from 
the  sun,  whether  by  intervening  clouds  or  by  any  other  more 
opaque  masses,  would  be  perfectly  black  or  dark ; that  is,  totally 
invisible.  Without  an  atmosphere,  the  sun  would  appear  a 
round  intensely  Juminous  mass  in  a perfectly  black  sky.  On 
lofty  mountain  summits,  where  half  the  atmosphere  is  below  the 
level,  the  direct  rays  of  the  sun  are  painfully  intense,  and  the 
sky  is  by  contrast  dark. 

1001.  A shadow  is  the  name  given  to  the  comparative  dark- 
ness of  places  or  objects,  which  are  prevented  by  intervening 
things  from  receiving  the  rays  of  some  luminous  source  shining 
on  the  things  around.  And  the  apparent  darkness  of  a shadow, 
is  not  proportioned  to  its  real  darlmess,  but  to  the  comparative 
strength  of  the  surrounding  lights.  A landscape  may  be  clearly 
seen,  even  when  the  sun  is  veiled  by  a cloud,  and  then  little  or 
no  shadow  is  anywhere  perceived ; but  as  soon  as  the  cloud  passes 
away,  deep  bright  lights  appear  where  direct  sunshine  falls,  and 
shadows  behind  every  object  which  the  direct  sunbeam  does  not 
reach.  Yet  the  objects  and  places  then  appearing  dark,  are  in 
reality  more  illuminated  than  before  the  shadow  existed,  for 
they  are  receiving,  and  again  scattering,  new  light  from  all  the 
more  intensely-illuminated  objects  around  them.  A finger  held 
between  a candle  and  the  wall,  casts  a shadow  of  a certain 
intensity  ; if  another  candle  be  then  placed  in  the  same  line 
from  the  shadow,  the  shadow  will  appear  much  darker,  although 
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ill  fact  more  light  will  be  reaching  it  and  reaching  the  eye  from 
it  than  before:  it  will  be  darker  only  by  comparison.  If  the 
candles  be  separated  a little  sideways,  so  as  to  produce  two 
shadows  of  the  finger,  but  whihh  coincide  or  overlap  m one 
part,  that  part  will  be  of  double  darkness,  as  compared  with  the 
remainders.  A common  mode  of  comparing  the  intensity  of 
lights  is  to  place  them  at  such  distances  from  a screen  or  Avail, 
as  to  make  them  at  the  same  time  throiv  on  the  screen  equally 
dark  shadoivs  of  the  same  intervening  object ; and  then,  according 
to  the  law  of  decreasing  intensity  explained  above,  to  calculate 
the  intensities  of  the  sources  of  h'ght  by  the  difference  of  their 
distances  from  the  wall.  The  eye  judges  very  correctly  of  the 
intensity  of  shadows  so  compared. 

1002.  The  real  darkness  of  a shadow,  then,  depends  much  on 
the  extent  and  nature  of  the  light-reflecting  surfaces  around  it. 
Thus,  shadows  are  less  deep  opposite  to  any  white  surface  than 
in  other  situations.  An  invalid  lying  in  bed  with  back  to 
the  light  may  be  saved  the  trouble  of  turning,  to  show  the 
countenance,  by  a sheet  of  white  paper  held  up  to  act  as  a 
mirror.  The  reason  Avhy  the  moon  when  eclipsed,  that  is,  as 
will  be  afterwards  explained,  when  passing  behind  the  earth, 
through  the  shadow  cast  by  the  earth  in  a direction  away  from 
the  sun — becomes  almost,  if  not  quite  invisible,  is,  that  there  are 
no  other  moons  or  bodies  near  our  moon  to  reflect  their  light 
towards  it.  And  the  reason  why  moonless  nights  on  earth  are 
darker  than  the  shadows  behind  a house  or  rock  in  the  sunshine 
of  day,  is  merely  that  there  are  then  no  other  great  bodies  near 
the  earth  to  reflect  light  into  its  shadow,  as  there  are  other 
houses  and  rocks  near  to  illuminate  the  day-shadow  of  these. 
The  moon  is  the  only  light-reflecting  body  of  magnitude  which 
the  earth  has  near  it ; and  we  perceive  how  much  less  dark  the 
earth’s  night-shadow  is  when  the  moon  is  in  a position  to  bear 
upon  it. 

Many  persons  have  doubted  whether  the  hght  of  the  moon 
could  be,  as  astronomy  teaches,  altogether  reflected  light  of  the 
sun ; the  moon  appearing  to  them  so  much  more  luminous  than 
any  opaque  body  on  eai’th  merely  exposed  to  sunshine.  They 
judged  the  so-called  “ lamp  of  night  ” to  be  as  naturally  self- 
luminous  as  “ the  lamp  of  day.”  Them  error  was  in  contrasting 
the  appearance  of  the  moon  Avhile  receiving  direct  sunshine 
with  that  of  objects  on  the  surface  of  this  earth,  then  in  the 
darkness  of  the  earth’s  shadow,  which  Ave  call  night.  The  moon 
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when  above  our  horizon  in  the  day-time,  is  always  visible  from 
the  earth  to  those  who  look  for  it,  and  is  then  throwing  towards 
the  earth  just  as  mueh  light  as  it  does  during  the  night ; but 
the  day-moon  does  not  appear  more  luminous  to  human  sight 
than  any  small  white  cloud  of  the  sarhe  apparent  breadth,  so 
that,  altliough  visible  in  some  part  of  every  day  except  near  what 
is  called  the  change  of  moon,  many  persons  have  jiassed  their 
lives  Avithout  noticing  it,  as  might  happen  with  respect  to  a candle 
burning  in  the  open  air  at  noon.  The  full  moon  gives  to  the 
earth  only  about  a one-liuiidred-thousandth  part  as  much  light 
as  the  sun. 

“Light  moves  with  great  velocity.”  (See  the  Analysis,  page 
497.) 

1003.  The  extraordinary  precision  Avith  which  the  astronomical 
skill  of  modern  times  enables  men  to  foretell  the  times  of  remark- 
able occurrences  or  changes  among  the  heavenly  bodies,  has 
served  for  the  detection  of  the  fact,  that  light  is  not  an  instan- 
taneous communication  between  distant  objects  and  the  eye,  as 
Avas  formerly  believed,  but  is  a messenger  which  requii’es  time 
to  travel ; — and  the  rate  of  the  travelling  has  been  ascertained. 

The  eclipses  of  the  satellites  or  moons  of  the  j)lanet  Jupiter 
had  been  carefully  observed  for  some  time,  and  a rule  was 
obtained  which  foretold  the  instants  in  all  future  time  Avhen 
the  satellites  should  glide  into  the  shadow  of  the  j)lanet,  and 
disappear,  or  were  again  to  emerge  into  view.  After  a time  it 
Avas  found,  that  these  appearances  took  place  16^  minutes 
sooner  when  Jupiter  was  near  the  earth,  or  on  the  same  side  of 
the  sun  with  the  earth,  than  Avhen  it  Avas  on  the  other  side,  that 
is  to  say,  more  distant  from  the  earth  by  the  diameter  of  the 
earth’s  orbit ; and  at  all  intermediate  situations  the  difference 
diminished  from  the  16^  minutes,  in  exact  proportion  to  the 
diminished  distance.  This  proved  that  light  takes  16^  minutes 
to  travel  across  the  earth’s  orbit,  and  minutes  for  half  that 
distance,  or  to  come  to  us  from  the  sun. 

1004.  Tlie  velocity  of  light,  ascertained  in  this  way,  is  so 
marvellous  (about  190,000  miles  in  a second),  that  the  philo- 
sophic Dr.  Hooke,  Avhen  the  assertion  Avas  first  made,  said  he 
could  more  easily  believe  the  passage  to  be  absolutely  instan- 
taneous, even  for  any  distance,  than  that  there  should  bo  a 
progressive  movement  so  prodigiously  rapid.  The  truth,  hoAV- 
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ever,  is  now  })ut  beyond  doubt  by  numerous  other  facts  bearing 
upon  the  subject. 

1005.  As  regards  all  phenomena  upon  earth,  they  may  be 
considered  as  happening  at  the  very  instant  when  the  eye  per- 
ceives them  ; the  difference  of  time  being  too  small  to  be 
apjireciated.  It  is  hence  usual  and  not  sensibly  incorrect,  when 
Ave  are  measuring  the  velocity  of  sound,  by  observing  the  time 
between  the  flash  and  the  report  of  a cannon  fired,  to  assume 
that  the  event  takes  place  at  the  very  moment  Avhen  the  eye 
notes  it.  The  speed  of  light  and  of  the  electric  impulse  are 
found  to  be  nearly  the  same,  and  the  public  mind  is  now  familiar 
Avith  the  prodigies  of  the  electric  telegraph. 

“ Light  ^proceeds  in  straight  lines,”  ^e.  (Eead  the  Analysis, 
page  497.) 

1006.  The  conception  of  a straight  line  of  light  presents 
itself  readily  to  one  looking  at  a beam  of  light,  entering  by  a 
small  aperture  a dark  room,  in  Avhich  fine  dust  is  floating  and 
seen  there  as  a line  of  “ motes  in  the  sunbeam.”  Other  straight 
lines  are,  a thread  supporting  a Aveight,  a cord  stretched 
between  fixed  points,  as  used  by  masons  in  budding  straight 
Avails,  and  by  gardeners  in  making  straight  borders.  A natural 
straight  line  in  a solid  body  is  exhibited  in  the  edge  of  any 
crystal.  An  artificial  example  is  the  edge  of  a flat  Avooden 
ruler  when  made  to  coincide  with  a stretched  thread. 

1007.  We  can  see  through  a straight  tube,  but  not  through  a 
crooked  one.  The  vista  through  a long  straight  tumiel  is  a 
striking  illustration  of  this  fact,  as  also  of  the  diminution  of 
tlie  apparent  size  of  objects  as  they  are  more  distant.  If  a 
person  enter  a straight  canal-tunnel  two  mdes  long,  like  that 
cut  through  the  chalk  hill  betAveen  Gravesend  and  Kochester  to 
join  the  Thames  and  MedAvay  rivers  (now  converted  iato  a 
railway),  the  opening  at  the  distant  end  is  clearly  seen  as  a 
small  liuniuous  speck,  having  the  exact  form  of  the  general 
arch . 

In  taking  aim  with  gun  or  arrow,  one  is  merely  preparing  to 
make  the  projectile  go  to  the  desired  object  nearly  by  the  path 
along  Avhich  the  light  comes  from  the  object  to  the  eye. 

A carpenter  looks  along  the  edge  of  a plank,  &c.,  to  see 
Avhether  it  be  straight. 

Because  light  moves  in  straight  lines,  if  a number  of  similar 
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objects  are  placed  in  a straight  line  or  row  from  the  eye,  the 
nearest  one  hides  the  others.  In  the  middle  of  a wood  or  a 
city,  a person  sees  completely  only  a few  of  the  trees  or  houses 
that  are  nearest  to  him. 

He  who  believed  that  a squinting  person  could  see  romid  a 
comer,  erred  as  much  as  if  he  had  thought  that  a crooked  gun 
could  shoot  round  a corner. 

1008.  All  astronomical  and  trigonometrical  observations  are 
made  on  the  faith  of  straight  motion  being  a property  of  light, 
the  observer  holding  that  any  object  is  situated  from  him  in  the 
direction  in  which  the  light  comes  to  him  from  it.  When  the 
mariner,  after  watching  for  hours  in  cloudy  weather,  obtains 
certain  views  of  the  sun  or  a known  stai’,  through  his  angle- mea- 
suring instrument,  he  has  ascertained  his  place  among  the  track- 
less waves,  and  boldly  advances  although  near  unseen  dangers. 
iVnd  the  beam  shot  from  a lighthouse  across  a stormy  sea,  Avould 
be  useless  if  the  light  moved  not  in  a straight  line. 


“ Leaving  shadows  tvhere  it  cannot  falir  (See  the  Analysis, 
page  497.) 

1009.  The  form  of  shadows  proves  that  light  moves  in  straight 
lines,  for  the  outline  of  the  shadow  corresponds  correctly  with 
that  of  the  object  as  seen  from  the  luminous  body. 

The  shadow  of  a face  on  the  wall  is  a correct  profile. 

A wheel  presented  edgeways  to  the  eye  appears  only  as  a 
broad  line,  but  it  seems  oval  or  round  as  it  is  otherwise  tiumed ; 
so  a wheel  presented  edgeways  to  the  sun  or  other  light,  casts  at 
first  a straight  shadow  on  a wall  behind  it,  and  the  shadow 
becomes  oval  or  round  as  the  position  is  changed. 

A globe,  a cylinder,  a cone,  and  a flat  circle,  will  all  throw 
the  same  round  shadow  on  a wall  if  held  Avith  their  axes  pointing 
to  the  luminous  body,  and  therefore  by  the  shadow  only,  these 
objects  could  not  be  distinguished. 

The  figure  of  a rabbit  accurately  cut  in  pasteboard,  may  throw 
the  same  shadoAv  on  a waU  as  the  animal  itself;  and  a similar 
shadow  may  be  made  by  a certain  position  of  two  hands  jomed, 
as  is  knoAvn  to  those  Avho  find  jDleasure  in  witnessing  the  surprise 
and  deliglit  of  a cliild  Avho  beholds  such  a shadow  mimicking 
the  actions  of  the  living  animal. 

A man  under  the  vertical  sun,  as  may  be  seen  near  the  equator. 
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stands  at  noon  upon  his  own  little  round  shadow  ; but  as  the  sun 
declines  in  the  afternoon,  the  shadow  juts  out  on  the  opposite 
side,  and  at  last  may  extend  across  a field. 

A distant  cloud,  which  appears  to  the  eye  of  an  observer  on 
the  ground  only  as  a streak  along  the  slty,  may  yet  be  broad 
enough  to  shadow  a whole  region ; for  clouds  generally  form  in 
level  strata,  and  when  viewed  by  a spectator  on  the  ground  at  a 
distance  are  seen  nearly  edgeways. 

The  velocity  of  the  wind  may  be  ascertained  by  marldng  the 
time  which  the  shadow  of  a cloud  takes  to  pass  over  a field  or 
any  space  of  known  dimension. 

1010.  A body  held  between  a source  of  light  and  a wall,  not 
only  darkens  a portion  of  the  wall,  or  casts  its  shadow  there, 
but  makes  the  whole  space  between  it  and  the  wall  a shadowed 
space,  so  that  any  object  introduced  there  is  'as  much  shadowed 
as  the  portion  of  the  wall.  A striking  illustration  of  this  is 
afforded  when  a flock  of  white  pigeons  in  sunshine  wheel  round 
a tall  steeple.  At  the  moment  when  they  enter  the  shadow  of 
the  steeple  they  seem  to  vanish,  although  there  is  nothing  in 
the  air  between  them  and  the  eye  of  the  spectator.  Thus,  also, 
all  the  planets  as  they  revolve  about  the  sun  cast  a long  shadow 
beyond  them  or  away  from  the  sun,  and  when  one  of  their 
satellites  or  moons  passes  where  the  shadow  is,  it  suddenly 
disappears.  The  satellites  or  moons  of  Jupiter,  when  they 
suddenly  disappear  from  the  field  of  view  of  our ' telescopes,  or 
are  eclipsed  as  we  term  it,  have  generally  only  plunged  into  the 
shadow  of  the  planet,  and  are  not  hidden  from  us  by  being  then 
on  the  other  side  of  its  body,  as  many  persons  suppose.  AVlien 
our  own  moon  is  eclipsed, — a phenomenon  so  awful  to  men  in 
the  early  ages  of  the  world,  she  is  only  passing  through  the 
long  shadow  which  the  earth  casts  beyond  itself.  ^ 

1011.  In  the  case  of  a light-giving  centre  being  broader  than 
the  object  which  casts  a shadow,  the  shadow  is  less  broad  than 
the  object,  and  terminates  in  a point.  In  the  contrary  case,  the 
shadow  is  larger  than  the  object,  and  still  larger  as  the  distance 
from  the  object  is  greater.  When  our  moon  passes  between 
this  earth  and  the  broad  sun,  producing  a total  eclipse  of  the 
sun  where  its  shadow  falls,  the  band  over  which  the  shadow 
passes  has  to  be  computed,  and  is  stated  in  the  almanacs. 
Knowledge  of  the  comparative  sizes  of  the  two  globes  gives  the 
power  of  predicting  what  is  to  happen.  The  shadow  of  a hand 
held  between  a broad  fire  and  the  wall  is  small ; and  a small 
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pasteboard  figure  of  a man  plaeed  near  a narrow  centre  of  light, 
throws  a shadow  which  is  gigantic. 

1012.  When  the  surface  wliich  receives  a shadow  is  oblique 
to  the  direction  of  the  light,  the  shadow  may  be  much  longer 
or  broader  than  the  object,  even  when  the  sun  is  throwing  the 
light ; — as  is  seen  when  a narrow  projecting  roof,  or  a veranda, 
shadows  from  the  high  sun  of  summer  noon  the  whole  front  of 
a house;  or,  as  is  proved  by  the  long  morning  and  evening 
shadows  of  trees,  houses,  men,  &c.,  on  the  ground  in  all 
countries. 

“ Li^hi  passes  readily  through  some  "bodies — lohich  are  there- 
fore called  transparent ; hut  ivhen  it  enters  or  leaves 
their  surfaces  obliquely  its  course  is  bent”  (Eead  the 
Analysis,  page  497.) 

1013.  It  may  well  excite  the  surprise  of  inquirers,  that  light, 
of  which  the  constitution  is  so  subtile  or  unsubstantial,  should 
stiU  be  able  to  dart  readily  and  in  every  direction  through  gi'eat 
masses  of  solid  matter,  but  such  is  the  truth.  Thick  plates  of 
glass,  blocks  of  rock  crystal,  mountains  of  ice,  &c.,  are  at  once 
pervaded  by  the  beam  of  the  sun. 

1014.  What  it  is  in  the  constitution  of  one  mass  as  compared 
with  another,  which  fits  the  one  to  transmit  light,  and  the  other 
to  obstruct  it,  we  cannot  yet  explain,  but  we  perceive  that  the 
arrangement  of  the  particles  of  the  mass  has  more  influence 
than  their  peculiar  nature.  Nothing  is  more  oj)aque  than 
masses  of  the  metals,  but  all  these  become  quite  transparent 
when  dissolved  in  an  acid,  or  crystallized  in  the  form  of  neutral 
salts,  or  when  forming  part  of  a coloured  glass. 

1015.  It  is  to  be  remarked,  however,  that  no  substances  arc 
absolutely  opaque  and  none  perfectly  transparent.  Gold  itself, 
which  is  one  of  the  densest  things,  when  hammered  into  veiy 
tbin  leaf,  allows  a feeble  green  light  to  pass  through,  and  the 
purest  water  and  air  arrest  a part  of  the  light  which  enters  them. 
A depth  of  twenty  feet  of  pure  water  intercepts  nearly  half  of 
the  light  which  enters  it ; and  of  the  sun’s  light  when  passing 
slantingly  through  a great  extent  of  atmosphere,  as  shortly  after 
sunrise  or  before  sunset,  a considerable  portion  is  absorbed  and 
lost. 

1010.  Light  having  once  entered  any  transparent  mass  of 
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uniform  or  homogeneous  nature,  passes  forward  in  it  as  straightly 
as  in  a vacuum;  but  at  the  surface,  whether  on  entering  or 
leaving  it,  if  the  passage  be  oblique,  and  if  the  mass  be  of  a 
different  density  or  nature  from  the  other  transparent  medium 
in  contact  with  it,  a very  curious  and  most  important  phenomenon 
occurs,  namely,  the  light  suffers  a degree  of  bending  from  its 
previous  direction,  proportioned  to  the  obliquity.  Such  bending 
is  technically  called  refraction. 

1017.  But  for  this  fact,  which  to  many  persons  might  at  first 
appear  a matter  of  regret,  as  preventing  the  correct  vision  of 
ol)jects  through  transparent  media,  light  would  have  been  of 
comparatively  little  utility  to  man.  There  could  have  been  no 
simple  converging  lenses,  as  now,  serving  as  helping  spectacles 
to  aged  sight,  nor  any  of  the  more  powerful  optical  instruments, 
of  which  lenses  form  a part,  as  telescopes  and  microscopes ; and 
not  even  the  all-precious  eye  itself,  of  which  the  important  part 
is  the  so-called  crystalline  lens. 

1018.  Light  falling  from  the  an*  dfoectly  or  perpendicularly 
upon  a surface  of  water,  glass,  or  any  such  transparent  body, 
passes  through  without  suffering  the  least  bending.  A ray,  for 

instance,  shot  from  the  point  a in  the 
air  to  the  point  c in  the  siu’face  of  a 
piece  of  glass  g h,  would  reach  directly 
across  to  the  points  o and  6 ; but  if  the 
ray  fall  slantingly  or  obliquely,  as 
from  d to  c,  then  instead  of  continuing 
straightly  in  its  first  direction  to  i and 
h,  it  is  at  the  moment  of  its  entrance 
bent  downwards  into  a path  c e,  nearer 
to  the  Hne  c o,  called  the  perpendicular  to  the  surface  at  the 
point  of  entrance — and  then  moving  straightly  while  in  the 
substance  of  the  glass,  it  would,  when  passing  out  again  at  e,  in 
the  opposite  surface,  be  bent  just  as  much  as  at  first,  but  in  the 
contrary  direction,  or  away  from  the  perpendicular  at  that  surface, 
viz.,  into  the  line  e f instead  of  e n.  A ray  therefore  passing 
obliquely  through  a transparent  body  with  parallel  sui-faces,  has 
its  course  shifted  a little  to  one  side  of  the  original  course,  but 
still  proceeds  in  the  same  direction,  or  in  a line  parallel  to  the 
first — as  here  shown  in  the  line  e f,  parallel  and  near  to  the 
line  i h.  If  the  surfaces  of  the  transparent  body  are  not  parallel 
to  each  other,  the  ray  is  otherwise  bent,  as  wiU  be  explamed  in 
coming  pages. 
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1019.  The  degree  of  tlie  bending  or  refraction  of  light  in 
jienetrating  obliquely  a transparent  surface  is  measured  by  com- 
paring the  angle  of  obliquity  of  its  approach  to  the  surface, 
called  the  angle  of  incidence  d c a,  with  that  of  the  obliquity  of 
its  departm-e  beyond  e c o,  called  the  angle  of  refraction,  and  for 
this  purpose  a line  is  supposed  to  be  drawn  perpendicularly 
through  the  surface  at  the  point  where  the  ray  enters  (as  a h 
in  the  above  figure  drawn  through  e),  and  the  relative  positions 
of  tlie  ray  to  this  line,  or  the  angles  formed  at  their  meeting 
both  above  and  below,  are  easily  ascertained.  Thus  the  line  d a, 
drawn  from  a point  of  the  ray  before  passing  to  such  perpen- 
dicular, is  a measure  of  the  original  obliquity  or  angular  dis- 
tance of  the  ray,  and  is  called  the  sine  of  the  angle  of  incidence, 
and  the  other  line  e o drawn  from  an  equally  distant  point  of  the 
ray  after  passing  to  the  same  perpendicular,  is  a measure  of  the 
obliquity  after  refraction,  and  is  called  the  sine  of  the  angle  of 
refraction: — by  comparing  these  two  lines  in  any  case,  the 
problem  is  solved.  (See  the  mathematical  Appendix.) 

1020.  When  Light  j)asses  obliquely  from  air  into  water,  the 
refraction  or  bending  produced  is  such,  that  the  line  a d measuring 
the  obliquity  before  refraction,  is  always  longer  than  the  line  o e 
measuring  it  after  refraction,  as  the  number  four  to  three,  and 
the  refracting  power  of  water  is  therefore  signified  by  the  index 
^ ; in  like  manner,  the  greater  refracting  power  of  common  glass 
has  the  index  f,  and  so  on,  for  other  substances.  And  it  is  im- 
portant to  remark,  that  for  the  same  substances  the  same  rela- 
tion always  holds  whatever  the  obliquity  of  the  incidence  may 
be.  If,  for  instance,  as  in  the  passage  from  air  to  water,  where 
the  obliquity  of  the  incident  ray,  as  measured  by  its  sine,  is  40, 
that  of  the  refracted  ray  will  be  30. 

1021.  As  a general  rule,  the  refractive  power  of  transparent 
substances  or  media  increases  with  their  densities.  It  in- 
creases, for  instance,  through  this  list, — air,  water,  salt,  glass, 
&c.  But  Newton,  while  engaged  in  liis  experiments  upon  this 
subject,  observed  that  inflammable  bodies  had  greater  refractive 
power  than  others,  and  he  then  hazarded  the  conjecture,  of  sin- 
gular sagacity,  which  chemistry  has  since  so  remarkably  verified, 
that  diamond  and  water  both  contained  inflammable  ingredients. 
We  now  know  that  diamond  is  merely  crystallized  carbon,  and 
that  water  is  composed  of  hydrogen  or  inflammable  air  and 
oxygen.  Diamond  has  the  greatest  light-bending  power  of  any 
known  substances,  and  owes  to  this  in  part  its  brilliancy  as  a jewel. 
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1022.  An  ex])lanation  to  'aid  popular  conception  of  the  sin- 
gular fact  of  refraction  has  been  offered,  namely,  that  it  occurs 
because  of  an  attraction  between  the  light  and  the  refracting 
denser  medium.  The  light  approaching  from  d to  c,  for  in- 
stance (in  the  last  figure),  is  said  to  be  attracted  by  the  solid 
body  below  it,  so  as  at  the  surface  to  be  bent  into  the  direction 
G e ; and,  again,  on  leaving  the  body,  is  still  equally  attracted 
and  bent  back  again,  so  as  to  take  the  direction  e f,  instead 
of  e n ; the  attraction  and  bending  being  greater,  the  greater 
the  obliquity. 

1023.  The  following  are  familiar  examples  of  this  bending  of 
light  in  passing  from  one  medium  to  another. 

If  an  emj)ty  vessel  & c / e,  be  in  the  sun’s  light,  so  that  the 
rays  falling  within  it  may  reach  low  on  the  side,  as  from  a to  d, 

but  not  to  the  bottom,  then,  on  filling  the 
vessel  with  water,  the  sun  will  be  found 
to  be  shining  on  the  bottom  or  down  to 
e,  as  well  as  on  the  side.  The  reason  of 
this  phenomenon  is,  that  water  being  a 
denser  and  more  refracting  medium  than 
air,  the  light  on  entering  it  at  c,  is  bent 
towards  the  perpendicular  (of),  at  the  point  of  incidence,  and 
reaches  the  bottom.  So  again,  if  a coin  or  pebble  were  laid 
on  the  bottom  of  such  a vessel  at  e,  it  would  not,  wl^e  the  vessel 
were  empty,  be  seen  by  an  eye  at  a,  but  would  be  visible  there 
immediately  on  the  vessel  being  filled  with  water ; for  then  the 
light  leaving  the  coin  in  the  direction  of  e e,  towards  the  edge 
of  the  vessel,  would  at  c,  on  passing  from  the  water  into  air,  be 
bent  away  from  the  perpendicular,  and  instead  of  going  to 
would  reach  the  eye  at  a.  The  coin,  moreover,  would  appear  to 
the  eye  to  be  in  the  direction  e d,  higher  up,  instead  of  in  the 
true  direction  c e low  down  : for  the  eye  not  being  able  to  dis- 
cover that  the  light  had  been  bent  in  its  course,  would  judge  the 
object  to  be  in  the  line  by  which  the  light  arrived. 

1024.  It  is  thus  because  objects  at  the  bottom  of  water,  when 
viewed  obliquely,  do  not  appear  so  low  as  they  really  are,  that 
a person  viewing  the  bottom  of  a river  or  pond,  or  any  clear 
water  from  its  bank,  naturally  judges  its  depth  to  be  much  less 
than  it  really  is.  Many  a young  life  has  been  lost  from  this 
illusion.  A person,  if  looking  from  a boat  directly  down  upon 
objects  at  the  bottom  of  water,  sees  them  in  their  true  directions, 
but  even  then  not  quite  at  their  true  distances,  as  will  be  after- 
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wards  explained ; but  if  lie  view  them  more  and  more  obliquely, 
the  appearance  becomes  more  and  more  deceptive,  until  at  last 
it  may  represent  them  as  being  at  even  less  than  half  of  their 
true  depth. 

An  incident  witnessed  by  the  writer  in  early  life  may  be  men- 
tioned in  illustration.  In  crossing  the  China  Sea,  where  no 
danger  was  apprehended,  an  alarm  was  suddenly  given  that  the 
ship  was  among  rocks.  Through  water  singularly  clear,  coral 
rocks  were  visible  all  around  and  at  no  great  distance ; some 
of  them  seemed  to  approach  the  surface  of  the  water.  The  sails 
were  instantly  backed  and  soundings  were  taken,  which  proved 
the  depth  to  be  greater  than  appeared,  but  which  directed  an 
altered  course,  and  the  ship  was  soon  in  deep  water  again. 

On  account  of  this  bending  of  light  from  objects  under  water, 
there  is  more  difficulty  in  hitting  them  with  a bullet  or  spear. 
The  aim  by  a person  not  directly  over  a fish  must  be  made 
towards  a point  apparently  below  it,  otherwise  the  weapon  will 
miss  by  flying  too  high.  The  S23ear  sometimes  used  in  this 
country  for  killing  salmon,  is  a weapon  emj)loyed  among  the 
islanders  of  the  Southern  Ocean  for  lolling  the  albacore ; the 
use  of  it,  like  that  of  the  fly-hook  in  England,  affording  to  the 
fishermen  sport  as  well  as  jjrofit.  The  writer  witnessed  this  at 
St.  Helena.  A small  fish  was  at  intervals  thrown  U]3on  the  water 
as  a bait,  in  the  sight  of  albacores  below.  Some  one  of  them 
soon  made  at  the  mouthful  with  remarkable  speed,  but  which 
yet  did  not  always  give  safety,  for  every  now  and  then  the 
thrown  spear  struck  the  fish. 

1025.  The  bending  of  light,  when  passing  obliquely  from  water, 
exj)lains  the  following  facts.  A straight  rod  or  stick,  of  which  a 
portion  is  immersed  obliquely  in  water,  apjDears  crooked  at  the 
surface  of  the  water,  the  portion  immersed  seeming  to  be  bent 
upwards.  That  part  of  a ship  or  boat  visible  under  water 
appears  much  flatter  or  not  so  deep  as  it  really  is.  A deej) 
bodied  fish  seen  near  the  surface  of  water,  appears  almost  a flat 
fish.  A round  body  there  appears  oval.  A gold  fish  in  a vase 
may  appear  at  the  same  moment  as  two  fishes,  being  seen  both 
by  light  bent  through  the  upper  surface  of  the  water,  and  by 
straighter  rays  passing  through  the  side  of  the  glass.  To  see 
bodies  under  water,  in  their  true  directions  and  nearly  of  tlieir 
true  proportions,  the  eye  must  view  them  tlirough  a tube,  of 
which  the  lower  end,  closed  with  j)late-glass,  is  held  in  the  water 
or  through  the  upright  sides  of  containing  vessels  formed  of 
plate-glass,  now  common  in  zoological  gardens. 
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1026.  As  light  is  bent  or  refracted  on  entering  obliquely 
from  air  into  water,  glass,  or  other  substance  denser  than  aii’,  so 
also  is  it  bent  on  coming  from  void  space  into  the  ocean  of  our 
atmosphere.  Ileiice  none  of  the  heavenly  bodies,  except  when 
directly  over  oiu’  heads,  are  seen  by  us  in  their  true  situations. 
They  all  appear  a little  higher  than  they  really  are,  and  more 
so  the  nearer  they  are  to  the  horizon.  To  a spectator  at  d 

supposed  to  be  on  the  surface 
of  the  earth,  a star  really  at  A 
appears  to  be  at  a,  because  its 
ray,  on  reaching  the  atmo- 
sphere at  c,  is  bent  downwards. 
In  astronomical  books  there  is 
always  given  a table  of  refrac- 
tions, as  it  is  called,  showing 
what  correction  must  be  made 
on  this  account  for  different  apparent  altitudes.  This  effect  of 
our  atmosphere  so  bends  the  rays  of  the  sun  that  we  see  him  in 
the  morning  a little  Avhile  before  he  is  really  above  the  horizon, 
and  we  see  him  in  the  evening  a little  while  after  he  is  really 
below  it,  for  the  ray  coming  horizontally  from  e to  d appears  to 
come  from  b,  although  in  truth  it  comes  from  the  lower  situation 
B,  and  is  bent  into  the  level  line  only  at  e.  Our  atmosphere 
thus,  by  the  bending  of  light  as  Avell  as  by  itself  becoming 
luminous  (Art.  1001),  lengthens  at  dawn  and  twilight  the  dura- 
tion of  the  precious  day.  As  the  atmosphere  is  denser  near  the 
surface  of  the  earth  than  higher  up,  the  light  is  more  and  more 
bent  as  it  descends,  and  hence  describes  a course  which  is  gently 
curved,  and  therefore  unhke  the  course  of  lisrht  in  incom- 
jaressible  water. 

Certain  states  of  the  atmosphere,  depending  chiefly  on  its 
humidity  and  warmth,  change  very  considerably  its  ordinary 
refractive  power;  hence,  in  one  state  a distant  hill  or  island 
may  be  just  visible  over  an  intervening  eminence  of  land,  and 
in  other  states  the  same  object  will  be  seen  high  above,  or  may 
have  altogether  disappeared,  in  the  latter  case,  as  if  the  bed  on 
which  it  rested  had  sunk  deeper  into  the  earth. 

1027.  Owing  to  tlie  bending  of  light  when  passing  tlu’ough 
media  of  different  densities,  an  interesting  phenomenon  is  often 
observable  in  a day  of  warm  sunshine.  Black  or  dark-coloured 
substances,  by  absorbing  much  light  and  heat  from  the  sun’s 
rays,  warm  the  air  in  contact  with  them,  and  make  it  dilate  and 
rise  in  the  surrounding  air,  as  oil  rises  in  water.  The  light  then 
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from  more  distant  objects,  reaching  the  eye  through  the  rarefied 
medium  is  bent  a little;  and  owing  to  the  heated  air  rising 
irregularly  under  the  influence  of  the  wind  [and  other  causes, 
many  objects  seem  to  have  a tremulous  or  a dancing  motion. 
Tlie  same  phenomenon  is  to  be  observed  at  any  time,  by  looking 
at  an  object  beyond  the  top  of  a chimney  from  which  hot  air 
without  smoke  is  rising. 

This  bending  of  light  by  the  varying  states  of  the  atmo- 
sphere renders  necessary  the  frequent  repetition  of  geometrical 
observations  made  in  the  measuring  of  heights  or  of  base-lines 
for  the  constraction  of  maps  and  charts. 

1028.  As  it  is  the  obliquity  with  which  a ray  traverses  tlie 
surface,  which  in  any  case  of  refraction  determines  the  degree 
of  bending,  a body  seen  through  a medium  of  irregular  surface 
appears  so  distorted  as  not  to  be  recognisable.  It  is  because 
tlie  two  surfaces  of  ordinary  window-glass  are  not,  as  in  the 
case  of  plate-glass,  perfect  planes,  and  parallel  to  each  other, 
that  objects  seen  through  a common  window  appear  generally 
more  or  less  out  of  shape.  Hence  the  beauty  and  utility  of 
plate-glass  windows,  now  coming  into  general  use. 

1029.  The  refraction  or  bending  of  light  is  most  interestingly 
exemplified  in  the  effect  of  the  glass  called  a prism.  It  is  a 
straight  three-sided  rod  of  glass,  such  as  that  of  which  the  end 
or  cross  section  is  here  represented  at  & c.  A ray  from  a fall- 
ing on  and  entering  the  surface 
at  h is  there  bent  toivards  the  ^ 
internal  perpendicular,  and  in 
consequence  reaches  c,  then  on 
escaping  again  at  c,  it  is  bent 
atvay  from  the  external  per- 
pendicular, and  thus  with  its  first  deviation  doubled  goes  on  to  d. 

1030.  The  law  of  light’s  bending  according  to  the  obliquity 
with  which  it  traverses  the  surfaces  of  a trausparent  body,  is 
well  elucidated  by  the  effect  of  what  is  called  a multiplying 
glass,  that  is  to  say,  a flat  piece  of  glass,  ah  c f,  having  many 
distinct  faces  cut  upon  it  at  angles  with  each  other.  If  any 
small  object,  a coloured  bead  for  instance,  be  placed  at  d,  an 
eye  at  e will  see  as  many  beads  as  there  are  distinct  surfaces  or 
faces  on  the  glass ; for  first,  the  light  d a passing  perpen- 
dicularly, and  therefore  straight  through,  will  form  an  image  as 
if  no  glass  intervened;  then,  the  rays  from  d to  the  surface  h 
will  be  bent  by  the  oblique  surface,  and  will  show  the  object  as 
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if  it  were  in  tlie  direction  he;  and  the  light  falling  on  the  still 
more  oblique  surface  c,  will  be  still  more  bent,  and  will  reach 
the  eye  in  the  direction  e e,  exhibiting  a similar  object  also  in 


that  direction — and  so  of  all  the  other  surfaces.  If  the  eye  were 
at  d,  and  the  object  at  e,  the  result  would  still  be  the  same.  A 
plate  of  glass  roughened,  or  cut  into  cross  fiu’rows,  becomes  an 
effectual  screen  or  window-blind,  by  disturbing  the  passage  of 
light  tlirough  it  so  that  objects  beyond  it  are  not  distinguishable. 


“ And  a heam  of  ivhiie  light  thus  made  to  lend  very  much 
is  resolved  into  beams  of  the  seven  so-called  p’imary 
colours  seen  in  the  rainhotv  ; ivhich  beams  on  being  again 
collected  and  blended,  become  white  light  as  before”  (Bead 
the  Analysis,  page  497.) 

1031.  The  very  singular  fact  connected  mth  the  bending  or 
refraction  of  light  is,  that  a beam  of  pure  white  light  from  the  sim 
admitted  into  a darkened  room  by  a small  opening  in  the  win- 
dow-shutter, and  made  to  bend  by  passiug  tln-ough  transparent 
surfaces  which  it  meets  very  obliquely  (as  the  beam  a,  odmitted 


and  made  to  bend  by  passing  through  the  prism  of  glass  b e,  to 
fall  upon  the  wall  at  d),  instead  of  bending  aU  together  and 
appearing  still  as  the  same  white  light,  is  divided  into  many 
beams,  which  falling  on  the  white  wall,  are  seen  to  be  of  different 
most  vivid  colours.  This  solar  spectrum,  as  it  is  called,  formed 
upon  a screen,  consists  of  seven  distinct  coloured  patches  appear- 
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ino-  in  the  order  shown  above,  with  red  the  least  bent  or  re- 
fracted colonr  below,  the  orange  next,  then  the  yellow,  and  so 
forth.  The  orange  between  the  red  and  the  yellow  seems  to  be 
a mixture  of  the  two,  as  the  green  seems  to  be  of  the  yellow  and 
bine.  It  was  soon  found  that  if  these  seven  colours  which 
appear  in  the  spectrum  were  painted  separately  ronnd  the  rim 
of  a w'heel,  and  the  Avheel  were  tlien  turned  rapidly,  the  indi- 
vidual colours  ceased  to  be  distinguished,  and  only  a white  band 
appeared  where  tliey  were  whirling : also  that  if  the  rays  of  the 
spectrum  produced  by  a prism  be  again  gathered  together 
by  another  prism  reversed,  or  by  a lens,  they  reproduce  white 
light  as  before. 

1032.  When  Newton  first  made  known  the  phenomenon  of 
the  many-coloured  spectrum,  and  some  of  the  extraordinary  con- 
clusions to  which  it  led,  great  surprise  was  universally  excited, 
for  the  common  conception  of  purity  the  most  unmixed,  was  that 
of  white  hght.  Subsequent  researches,  some  of  them  very  recent, 
and  some  now  only  in  progress,  have  discovered  other  influ- 
ences connected  with  the  sunbeam  not  less  important  than  its 
light.  It  is  ascertained  that  much  of  the  heat  of  the  beam  is 
still  less  refracted  than  even  the  red  light ; for  a thermometer 
held  below  the  red  patch  in  the  spectrum  where  there  is  no 
light,  rises  higher  than  in  any  part  of  the  visible  spectrum ; and 
tliere  is  an  invisible  influence  in  the  beam  more  refrangible  than 
even  the  violet  rays,  but  partly  combined  with  some  of  the 
colours,  which  is  capable  of  producing  powerful  chemical  effects 
on  inanimate  matter,  as  is  proved  in  the  art  of  photography,  and 
in  physiological  effects  on  living  vegetables  and  animals. 

1033.  All  transparent  substances,  when  bending  light  strongly, 
produce  more  or  less  of  the  separation  of  colom' ; but  it  is  an 
important  fact,  that  the  quahty  of  merely  bending  a beam,  or  of 
refraction,  and  that  of  dividing  it  into  coloured  beams,  or  of 
disjpersion,  are  distinct  qualities,  not  having  the  same  propor- 
tion to  each  other  in  different  substances.  Newton,  from  not 
being  aware  of  this,  concluded  that  a perfect  large  telescope  of 
refraction  could  never  be  made  : he  assumed  that  the  bent  light 
would  always  become  coloui-ed,  and  so,  would  render  the  images 
indistinct.  We  now  know,  however,  that  by  uniting  lenses  of 
two  or  more  kinds  of  glass,  we  may  obtain  the  requisite  bending 
of  light  without  dispersion.  This  very  important  discovery  was 
made  by  the  eminent  optician  Dollond,  the  first  maker  of  the 
achromatic  telescope. 
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1034.  The  diversified  colours  of  the  substances  in  nature 
depend  upon  their  fitness,  from  texture  or  other  peculiarity,  to 
reflect  or  transmit  certain  modifications  of  common  light ; the 
different  colours  not  being  parts  of  the  body  itself.  We  liave 
to  explain  in  a future  page  that  tlie  vivid  colours  of  the  rainbow 
are  merely  the  white  light  of  the  sun,  reflected  to  us  after  being 
refracted  and  modified  by  the  transparent  drops  of  falling  rain,  and 
that  the  spai-kling  with  appearance  of  rubies  and  emeralds,  whicli 
we  see  in  a cut-glass  lustre,  is  a phenomenon  of  the  same  kind : 
— and  we  shall  learn  that  by  scratching  the  surface  of  a piece  of 
metal  so  as  to  have  a different  given  number  of  lines  in  a given 
space,  as  mother-of-pearl  shell  has,  we  can  cause  the  same  sub- 
stance to  appear  of  different  colours. 

“ To  transparent  substances,  as  glass,  such  form  may  he  given 
as  to  cause  all  the  raijs  of  light  which  pass  through  them 
from  any  one  point,  to  hend  so  as  to  meet  again  in  another 
corresponding  point  beyond  them  and  pass  onwards, — the 
body  itself,  from  the  required  shape  generally  resembling 
that  of  a flat  bean  or  lentil,  being  then  called  a lens.” 
(Read  the  Analysis,  page  497.) 

1035.  The  innumerable  rays  of  light  (of  which  five  only  are 
here  represented),  issuing  from  any  point  at  c,  towards  any  sur- 
face in  the  situation  a b,  are  said  to  form  a cone  or  pencil  of 
diverging  light.  It  is  evident  that  to  make  all  such  rays  con- 


verge or  meet  again  in  one  place,  as  f,  beyond  a transparent 
body  placed  at  a b,  it  would  be  necessary,  while  the  middle  ray 
or  axis  of  the  pencil  e cZ/did  not  bend  at  all,  for  the  others  to 
be  bent  more  and  more,  in  proportion  as  they  fell  upon  the  body 
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farther  and  farther  from  the  centre  d.  Kecollecting  then  the 
law  of  refraction,  that  light  entering  from  air  through  the  sur- 
face of  a denser  medium,  as  glass,  is  bent  there  towards  the 
perpendicular  at  the  internal  surface,  in  proportion  to  the  obli- 
quity of  incidence,  and  on  leaving  the  opposite  surface,  is  cor- 
respondingly bent  away  from  its  external  perpendicular  (see  the 
case  of  the  prism.  Art.  1029),  we  see  that  if  a piece  of  glass  were 
placed  at  a h,  of  such  form  that  the  rays  falling  ujpon  it  from  c * 
should  meet  and  leave  its  surfaces  with  greater  and  gi’eater  obli- 
quity in  some  regular  proportion,  as  the  points  of  incidence  were 
more  distant  from  the  centre  d,  the  purpose  would  be  obtained. 
And  we  have  the  satisfaction  of  knowing  that  a glass  of  which 
the  surface  is  ground — which,  as  in  common  spectacle  glasses,  it 
easily  may  be — to  have  a regular  convexity  or  bulging,  as  if  it 
were  a portion  cut  off  from  the  surface  of  a ball  or  sphere,  can 
be  shown  to  possess  very ‘correctly  the  required  condition.  Such 
a glass,  similarly  ground  on  both  sides,  is  here  represented  in 
section,  edgeways,  between  a and  h,  where  the  ray  c d falling  on 
its  middle,  perpendicularly,  and  similarly  leaving  it,  is  seen  . 
going  straight  through  to/;  but  the  ray  c e meeting  the  surface 
with  a certain  degree  of  obliquity,  is  bent  down  a little,  first  on 
entering  the  surface  at  e,  and  then  as  much  more  on  leaving  the 
opposite  surface  with  equal  obliquity,  and  so  arrives  at  /;  then 
the  ray  c a,  for  corresponding  reasons,  is  still  more  bent,  and 
equally  arrives  at/; — and  the  case  would  be  similar  of  any  other 
rays  that  might  be  examined.  The  point  / is  usually  called  a 
focus  (the  Latin  for  fire-place),  because  when  the  light  of  the  sun 
is  thus  gathered,  the  heat  concentrated  with  it  is  powerful 
enough  to  set  combustibles  on  fire. — We  have  here  to  remark 
farther,  that  in  accordance  with  both  calculation  and  experi- 
ment, the  direction  in  which  a whole  pencil  of  rays  falls  upon  a 
lens  does  not  affect  the  result  of  the  convergence  to  a focus, 
which  focus,  however,  is  always  in  the  direction  of  the  central 
ray  of  the  pencil  or  beam  ; it  will  be  at  p,  for  instance,  for  light 
issuing  from  o,  and  at  z for  light  issuing  from  x,  and  at  corre- 
sponding focal  points  for  the  rays  from  every  point  of  any  object 
in  the  light.  It  is  important  to  understand  here  that  rays  of 
light  meeting  at  any  focal  point  in  the  air  or  in  other  transpa- 
rent medium,  do  not  at  all  disturb  one  another  like  solid  masses 
clashing,  but  simply  cross  and  pass  onwards,  as  sketched  here  at 
letters  zfp. 

1036.  The  lens  represented  at  a h above,  or  in  the  annexed 
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diagram,  at  fig.  1,  having  both  sides  convex,  is  called  a double 
convex  lens.  A glass  convex  only  on  one  side,  and  plane  or  flat 
on  the  other,  as  shown  at  fig.  2,  does  as  effectually  gather  the 

Fig.  1 2 3 4 5 6. 


rays,  but  Avith  half  the  power,  and  the  point  of  meeting  or  focus 
is  therefore  proportionately  more  distant.  Such  a glass  is  called 
a plano-convex  lens.  Then  the  gathering  or  converging  power  of 
any  glass,  whether  doubly  or  singly  convex,  is  in  proportion  to 
the  degree  of  its  convexity  or  the  bulging  of  the  surfaces,  for  the 
less  it  bulges,  the  more  nearly  does  it  approach  to  being  a plane 
glass,  and  the  more  it  bulges,  the  more  obliquely  will  the  rays, 
at  any  distance  from  the  centre,  fall  upon  its  surface,  and  the 
* sooner,  therefore,  in  consequence  of  their  being  more  bent,  Avill 
they  all  meet  the  axis-ray  to  form  a focus ; — hence  fig.  1 would 
converge  much  more  quickly  than  fig.  3,  Avhich  represents  nearly 
a common  spectacle  glass  ; and  a very  minute  globe  is  the  form 
most  powerfully  converging  of  all.  The  surfaces  of  fig.  1,  are 
portions  of  a small  globe  ; those  of  fig.  3 are  smaller  comparative 
portions  of  a globe  much  larger.  Concave  lenses,  as  fig.  4, 
Avhich  is  a double  concave,  and  fig.  5,  which  is  a plano-concave 
lens,  in  obedience  to  the  same  law  of  refraction,  spread  rays,  or 
bend  them  away  from  the  axis  of  the  pencil,  in  the  same  degree 
that  similarly  convex  lenses  gather  them.  A concave  lens, 
therefore,  receiving  the  converging  pencil  of  rays  from  a convex 
lens,  might  restore  them  to  their  former  nearly  parallel  direc- 
tion. Very  useful  purposes,  as  will  be  afterwai’ds  explained,  ai-e 
served  in  optics,  by  certain  combinations  of  differently  formed 
lenses.  A lens  may  be  convex  on  one  side  and  concave  on  the 
other,  as  at  fig.  6,  called  a meniscus  lens,  because  it  resembles 
the  crescent  moon,  and  its  effect  will  be  according  to  the  curve 
which  predominates. 

1037.  A person  recollecting  the  case  of  the  “multiplying 
glass,”  described  at  page  514,  might  say, — but  is  not  a convex  lens 
merely  a multiplying  glass  of  a much  greater  number  of  faces, 
and  if  so,  why,  instead  of  one  image,  does  it  not  make  thousands  ? 
The  answer  is,  that  the  multiplying  glass,  by  every  face,  bends  a 
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set  of  rays,  caj>able  of  forming  a distinct  and  complete  image ; 
but  the  lens  has  no  suiface  large  enough  to  bend  more  than 
single  rays,  it  concentrates  all  into  focal  points,  which  form  a 
general  image  of  gi’eat  vividness  and  beauty. 


“ And  when  the  light  proceeding  towards  a lens  from  every  point 
of  an  object  placed  before  it  is  collected  in  corresponding 
points  behind  it,  a perfect  image  of  the  object  is  there  pro- 
duced. When  the  image  is  received  u,pon  a suitable  white 
surface,  in  a darh  place,  the  arrangement  is  called,  accord- 
ing to  other  circumstances,  the  camera  obscura,  the 
SOLAR  MICROSCOPE,  or  the  MAGIC  LANTERN.”  (Read  the 

Analysis,  page  497.)  ^ 

1038.  It  is  common  knowledge  that  a sunbeam  entering  a 
room  by  an  opening  in  a window-shutter  makes  a bright  patch 
of  Light  on  the  opposite  wall,  which  travels  slowly  east  as  the  sun 
travels  west,  and  which  is  high  while  the  sun  is  low,  and  lower 
as  the  sun  rises  higher.  Similarly  at  night,  if  a lantern  be 
carried  past  such  a window,  it  produces  a patch  having  position^ 
and  motion  the  contrary  always  to  those  of  the  lantern.  If  the 
lantern  be  of  coloured  glass  the  patch  will  have  more  or  less  of 
corresponding  colour.  In  the  day-time,  too,  when  every  visible 
object  is  radiating  reflected  light  all  around  it,  every  one  in 
front  of  an  open  window  is  sending  light  in  to  the  opposite 
wall ; but  the  things  being  so  numerous  and  with  such  differences 
of  shape  and  colour,  the  rays  all  mix,  and  have  the  effect  on  the 
wall  merely  of  what  is  called  general  daylight.  By  partially 
closing  the  window,  however,  in  such  a case,  and  employing  a 
lens,  such  as  above  described,  to  occupy  the  apertui-e  left,  the 
great  confusion  is  instantly  converted  in  striking  order. 

1039.  Language  is  wanting  to  express  the  momentous  conse- 
quences to  man  of  the  power  of  a lens,  above  explained,  which 
can  bring  together  to  focal  points  beyond  it  all  the  rays  of  light 
which  traverse  it  from  the  points  of  an  object  placed  before  it. 
The  following  instance  illus- 
trates well.  If  a lens,  such  as 
a common  spectacle  glass,  a,  be 
placed  to  fill  up  an  opening 
made  in  the  window-shutter  of 
a darkened  room,  then,  froin 

any  object  before  that  opening — as  the  cross  here  represented, 
all  the  light  which  different  points  radiate  towards  the  lens  will 
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be  concentrated  or  gathered  together  in  corresponding  focal 
points  behind  the  lens  within  the  room,  and  if  a sheet  of  paper 
be  held  there  at  the  distance  of  the  focal  points,  a beautiful 
inverted  image  of  the  object  Avill  be  seen  upon  the  paper. 

1040.  In  these  few  words,  we  have  described  that  most  inte- 
resting arrangement  called  tlie  camera  dbscura  or  dark  ehamler; 
and  when  a glass  is  chosen  of  proper  size  and  focal  distance,  and 
a screen  or  the  wall  of  the  chamber  (if  at  the  required  distance), 
is  properly  prepared  to  receive  the  light,  the  most  admirable  por- 
traiture is  instantly  produced  of  the  whole  scene  which  the  win- 
dow commands.  With  what  rapture  does  the  schoolboy  first 
view  this  enchanting  picture  drawn  by  nature’s  own  pencil,  with 
colours  taken  directly  from  the  sun’s  bright  ray ! With  what 
delight,  as  his  eyes  search  over  it,  does  he  recognize,  perhaps, 
his  schoolmates  at  play,  and  the  river  in  which  he  bathes,  or 
sails  his  boat,  and  the  wood  in  whose  solitudes  he  loves  to  wan- 
der, and  the  mountain  heights  which  he  climbs  to  meet  the  fresh 
breeze,  and  to  contemplate  the  wide  expanse  beneath  him. 

y The  great  peculiarity  of  such  a picture  is,  that  it  does  not,  like 
others,  portray  still-nature,  but  every  thing  with  appropriate  mo- 
tion or  changes : the  playmates  are  all  in  action ; the  leafy  trees 
■wave  in  the  wind,  the  clouds  sail  along,  the  sun  may  rise  or  may 
set,  and  even  the  lightning’s  gleam  may  dart  across ; yet  further, 
commenced  enterprizes  may  be  brought  to  a close  ; the  traveller 
may  climb  the  distant  hill  and  disappear ; the  fisherman  may 
draw  his  net  and  secure  his  gain ; the  contested  race  may  be  won 
or  lost.  A Malayan  chief  in  the  island  of  Sumatra,  was  so  sur- 
prised and  pleased  by  seeing  a small  portable  camera  which  the 
author  happened  to  have  among  his  apparatus,  that  he  thought 
it  must  be  an  object  beyond  all  price. 

1041.  It  appears  in  the  last  diagram  that  the  image  formed 
beyond  a lens  by  the  gathered  light,  is  in  a contrary  position  to 
the  object  itself, — that  is,  inverted, — for,  the  light  from  the  top 
of  the  object  darts  through  the  opening  or  glass  in  a descending 
direction,  and  that  from  the  bottom  rises  to  the  opening,  and  in 
the  same  direction  passes  beyond  it.  It  is  necessary,  therefore, 
in  a camera  obscura,  to  place  a small  mirror  diagonally  behind 
the  lens,  so  as  to  throw  all  the  light  which  enters,  downwards 
to  a broad  table,  upon  which  the  picture  may  be  conveniently 
contemplated  from  any  side. 

The  camera  obscura  gives  useful  assistance  to  young  painters, 
by  enabling  them  to  study  perspective  outlines  and  the  effects  of 
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light,  shade,  and  colour,  more  profitably  than  they  at  first  can, 
by  looking  at  the  objects  themselves. 

1042.  AVhile  the  pictui’es  produced  by  the  camera  were 
admired  as  transcendently  beautiful,  there  was  ever  regret  that 
they  were  so  transient,  lasting  only  while  the  sun  shone,  or 
while  the  window  was  open.  But  wonder  has  followed  wonder 
in  the  advance  of  art  in  this  department ; and  now,  by  certain 
chemical  preparation  of  the  screen  on  which  the  imagery  of  the 
camera  is  to  be  formed,  the  admission  of  light  for  a few  seconds 
gives  a result  as  permanent  nearly  as  solid  colours  on  canvas. 
This  new  art  is  called  Plioiograjphy  (writing  by  light),  now  much 
practised. 

1043.  An  effect,  approaching  in  a degree  to  that  of  the  com- 
plete camera  obscura  now  described,  and  already  spoken  of  in  Art. 
1038,  is  produced  by  merely  making  a small  hole  in  the  shutter 
of  a dark  room,  and  letting  the  light  which  enters  by  it  fall  on 
any  white  surface  beyond.  The  whole  landscape  is  at  once  dimly 
portrayed  upon  the  surface.  Barry,  the  eminent  painter,  while 
lying  on  a sick  bed,  in  fever,  mistook  such  a scene  appearing  on 
the  ceiling  of  his  room  for  a supernatural  vision.  If  a cross  be 
held  before  the  opening  (see  Art.  1039),  it  is  evident  that  from 
every  point  of  the  cross  light  will  enter  by  the  opening,  and  will 
fall  on  corresponding  parts  of  a sheet  of  paper  held  behind, — but 
as  the  light  from  each  jDoint  is  not  a single  ray,  but  a spreading 
pencil  or  cone  of  light,  this  mil  fall  on  the  paper,  not  on  one 
point,  but  on  a surface  larger  than  the  opening,  and  the  light  from 
adjoining  points  will  overlap  and  mix  at  the  edges,  and  will  ren- 
der aU  the  images  misty  and  indistinct.  If  the  opening  be  very 
small,  the  picture  will  be  tolerably  defined,  but  very  feebly  illu- 
minated : and  if  the  opening  be  of  considerable  size,  the  mixing 
of  the  pencils  will  be  so  great  as  to  leave  no  particular  object 
distinguishable.  In  either  case,  however,  if  a lens  be  introduced 
to  fill  the  opening,  it  will  converge  every  entering  pencil  of  h'ght 
to  an  exact  point,  and  a perfect  picture  instantly  starts  into  view. 

1044.  It  is  interesting  to  reflect  that  any  lens,  such  as  the  two 
in  a pair  of  spectacles,  is  never  held  up  in  the  light  without  form- 
ing, on  one  side.of  it,  such  images  as  above  described  of  all  the 
objects  on  the  other  side — the  images  not  being  seen  only  because 
there  are  no  screens  placed  to  receive  them,  and  no  opaque  en- 
closure made  around  them  to  exclude  the  light  from  other  objects 
not  desired  to  be  seen.  But  even  without  such  enclosure,  if  a 
pair  of  spectacles  be  held  up  at  about  a yard  of  distance  from  a 
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lamp,  candle,  or  fire,  and  white  paper  be  held  at  the  distance  of 
about  a foot  on  the  other  side  of  the  lenses,  clear  inverted  images 
of  the  objects  are  seen  upon  the  paper.  Even  in  daylight,  paper 
held  thus  near  a pair  of  spectacles,  between  them  and  the  win- 
dow, has  on  it  inverted  pictures  of  the  window-bars,  and  of  any 
striking  objects  in  the  sunshine  outside. 

1045.  The  distance  from  a lens  at  which  an  image  is  formed 
or  the  rays  of  the  light  meet,  called  the  focal  distance,  depends, 
first,  upon  the  refractive  or  bending  power  of  the  lens,  that  is,  on 
its  form  and  substance  ; and,  secondly,  upon  the  dhection  of  the 
rays  of  light  Avhen  they  reach  the  lens,  as  to  whether  they  are 
divergent,  parallel,  or  convergent.  We  have  already  explained 
that  glass  refracts  much  more  than  water,  and  that  diamond  re- 
fracts much  more  than  glass  ; and  we  have  considered  the  effect 
of  different  degrees  of  convexity  in  lenses,  whether  the  lens  be  of 
water’  inclosed  between  concave  glasses  like  watch-glasses,  or  of 
solid  glass,  or  of  rock  crystal,  or  of  diamond  itself.  We  now  pro- 
ceed to  consider  the  joint  effect  of  the  refractive  power,  and  of 
the  direction  of  the  incident  rays. 

1046.  Bays  diverging  from  a point  a,  to  fall  on  a compara- 
tively flat  or  weak  lens  at  L,  might  meet  only  at  the  point  d,  or 


even  further  off ; while,  with  a stronger  or  more  convex  lens,  they 
might  meet  at  c or  at  h.  A lens  weaker  still  might  only  de- 
stroy the  divergence  of  the  rays,  without  being  able  to  give  them 
any  convergence,  or  to  bend  them  enough  to  bring  them  to  a pohit 
at  all, — and  then  they  Avould  all  proceed  parallel  to  one  another,  as 
seen  at  e and/.  If  the  lens  were  yet  weaker,  it  might  only  de- 
stroy a part  of  the  divergence,  causing  the  rays  from  a,  after- 
passing  through,  to  go  to  ^ and  /^,  instead  of  to  ^ and  Z/,  in  then 
original  direction. 

In  an  analogous  manner,  light  coming  to  the  lens  in  the  con- 
trary directions  from  I,  e,  d,  &c.,  might,  according  to  the  strength 
of  the  lens,  be  aU  made  to  come  to  a focus  at  a or  at  Z,  or  in 
some  more  distant  point ; or  the  rays  might  become  parallel,  as 
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m and  ii,  and  therefore  would  never  come  to  a focus,  or  they 
might  remain  divergent. 

It  may  be  observed  in  the  above  figure,  that  the  farther  an 
object  is  from  the  lens,  the  less  divergent  the  rays  are  which  fall 
from  it  upon  tlie  lens ; or  the  more  rwsarly  do  they  approach  to 
being  parallel.  Proceeding  from  h there  is  much  divergence  in 
the  exterior  rays,  from  c less,  from  d less  still,  and  rays  from  a 
great  distance,  as  those  represented  by  e and  /,  appear  quite 
parallel.  If  the  distance  of  the  radiant  point  be  very  great,  they 
really  are  so  nearly  parallel  that  a very  nice  test  is  required  to 
detect  the  non-accordance.  Bays,  'for  instance,  coming  to  the 
earth  from  the  sun,  do  not  diverge  the  thousandth  of  an  inch  in 
a thousand  miles.  Hence  where  we  wish  to  make  experiments 
with  parallel  rays,  we  take  those  of  the  sup. 

Any  two  points  so  situated  on  the  opposite  sides  of  a lens,  as 
that  when  either  becomes  the  radiant  point  of  light,  the  other  is 
the  focus  of  such  light,  are  called  conjugate  foci.  An  object  and 
the  image  of  it  formed  by  a lens  are  always  in  conjugate  foci,  and 
as  the  one  is  nearer  the  lens,  the  other  will  be  in  a certain  pro- 
portion more  distant. 

1047.  What  is  called  the  principal  focus  of  a lens,  and  by  the 
distance  of  which  from  the  glass  we  compare  or  classify  lenses 
among  themselves,  is  the  point  at  which  the  sun’s  rays,  or  any 
parallel  rays,  are  made  by  it  to  meet ; and  thus,  by  holding  the 
lens  in  the  sun,  and  noting  at  what  distance  behind  it  the  little 
luminous  spot  or  imaige  of  the  sun  is  formed,  we  can  at  once 
ascertain  the  focus  of  a glass — as  at  a for  the  rays  e and  /. 

It  is  a remarkable  coincidence  that  the  bending  or  refractive 
power  of  the  common  glass  used  for  lenses  is  such,  that  the  focus 
of  a double  convex  lens  is  just  as  distant  from  it  as  the  centre 
of  the  sphere,  of  which  its  surface  is  a portion.  This  gives 
another  fact  with  which  to  associate  the  recollection  that  the 
focus  is  nearer  as  the  convexity  of  the  lens  is  greater,  that  is  to 
say,  as  the  surface  is  a portion  of  a smaller  sphere.  And  such 
being  the  law,  it  may  be  proved  by  calculation  agreeing  with  the 
fact,  that  if  a candle  be  held  in  relation  to  a lens  at  twice  the 
principal  focal  distance,  suppose  at  c for  a lens  with  the  focus  at 
a,  the  image  of  the  candle  will  be  formed  at  I just  as  far  on  the 
other  side.  Thus  then,  by  trying  with  a lens  until  the  image  of 
a candle  is  formed  at  the  same  distance  from  it  as  that  at  which 
the  object  stands,  we  have  a second  mode  of  ascertaining  the 
focal  distance  of  a lens,  or  the  degree  of  its  convexity.  Other 


524 


LIGHT. 


kinds  of  glass  and  other  substances  refract  with  different  power; 
but  the  facts  now  stated  should  be  retained  in  the  memory  as 
standards  of  comj>arison. 

1048.  Because  the  focal  point  of  light  passing  through  a lens 
is  at  the  same  distance  from  the  centre'of  the  lens,  in  whatever 
direction  the  light  passes  through,  a surface  placed  to  receive  the 
picture  of  a broad  field  should  really  be  concave,  that  is  to  say, 
all  parts  of  it  should  be  nearl)’’  at  the  same  distance  from  the 
centre  of  the  lens,  otherwise  the  image  will  be  more  perfect 
either  at  its  middle  than  towards  its  edges,  or  the  contrary — but 
it  is  not  found  necessary  to  attend  to  this  in  common  practice, 
where  the  object  and  its  image  are  not  of  great  extent. 

1049.  The  size  of  an  image  formed  behind  a lens  is  always 
proportioned  to  the  distance  of  the  image  from  the  lens,  and  the 
image  is  as  much  larger  or  smaller  than  the  object  as  it  is 
farther  from  or  nearer  to  the  lens  than  the  object  is.  This  will 

be  evident  from  considering 
the  annexed  figure.  C repre- 
sents the  place  of  a lens,  and 
the  lens,  according  to  its  power, 
will  form  an  image  of  the  cross 
a h in  some  situation,  as  at  d, 
e,  or  g,  &c.  Now  wherever  the 
image  is  formed,  and  by  whatever  lens,  one  end  of  it  must  be  in 
contact  with  the  line  a g,  and  the  other  end  with  the  line  I h ; 
and  as  these  Lines  cross  each  other  at  c,  and  widen  regularly 
afterw^ards,  a line  joining  them  (and  the  image  is  such  a line), 
must  always  be  shorter  the  nearer  it  is  to  e,  that  is  to  say, 
shorter  in  proportion  to  the  converging  power  or  focal  distance 
of  the  lens. 

1050.  Many  persons  may  not  have  reflected,  that  the  narrow 
luminous  cmcle  called  the  focus  of  a burning-glass,  is  really  but 
the  image  or  picture  of  the  sun  formed  by  that  glass  or  lens. 
The  intensity  of  the  heat  and  of  the  light  is  of  course  in  pro- 
portion as  the  image  is  smaller  than  the  glass  which  forms  it, 
and  the  nearer  that  the  image  is  formed  to  the  lens,  or  the  more 
powerfully  convergent  that  the  lens  is,  the  smaller  w'ill  the 
image  be.  Mr.  Parker’s  famous  binning  lens,  which  cost  £700, 
and  became  the  property  of  the  emperor  of  China,  was  three 
feet  in  diameter,  and  the  diameter  of  the  sun’s  image  formed  by 
it  was  one  inch : it  concentrated  the  light  and  heat  therefore 
about  1,300  times.  To  render  the  effect  still  more  powerful,  a 
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smaller  lens  was  placed  beliincl  the  larger,  further  reducing  the 
size  of  the  focal  image.  Surprising  effects  were  produced  by 
this  lens,  in  the  melting  of  metals,  inflaming  of  combustibles, 
&c.  The  size  of  burning  lenses,  formeidy,  was  limited  by  the 
difliculty  of  obtaining  the  gi’eat  masses  of  glass  requii’ed  to  form 
them ; but  glasses  have  since  been  built  up  of  many  pieces 
suitably  imited  together.  Some  large  lenses  have  been  made  of 
water,  that  is,  of  water  inclosed  between  capacious  glasses, 
formed  like  watch-glasses.  A common  spherical  goblet  of  water, 
or  a vase  for  holding  gold-fishes,  has  in  some  cases  acted  as  a 
burning-glass,  setting  fire  to  window-curtains,  near  to  which  it 
had  been  left  in  the  sunshine. 

1051.  And  the  nearer  that  an  object  is  brought  to  a lens,  the 
more  distant,  and  therefore  the  larger  will  the  image  formed  by 
it  become ; for,  as  the  rays  falling  upon  a lens  are  divergent  in 
proportion  to  the  nearness  of  the  object,  and  therefore  with  the 
same  power  of  lens,  must  meet  farther  behind  (as  seen  in  the 
figure  opposite),  so  the  axes  of  the  sets  of  rays,  as  the  lines  c a 
and  c & in  the  last  figure,  will  be  separated  farther  before  the  rays 
meet,  and  will  have  made  the  image  proportionally  larger.  If 
we  suppose  the  cross  d in  the  same  diagram  to  be  the  object,  its 
image  would  be  a h.  The  sun  is  exactly  as  much  larger  than 
his  image  formed  by  a burning-glass,  as  he  is  more  distant  from 
it  than  the  image ; and  if  we  had  a screen  of  sufficient  size  hung 
up  in  distant  space,  any  very  bright  object  of  a quarter  of  an 
inch  diameter  might  be  conceived  to  form  by  a lens  an  image  as 
broad  as  the  sun. 

From  all  these  considerations,  it  follows  that,  in  a camera 
obscura,  the  screen  should,  for  distant  objects,  be  placed  from 
the  lens,  at  the  distance  of  its  principal  focus,  and  a little  far- 
ther off  than  this  for  near  objects.  Accordingly,  the  lens  is 
usually  fixed  in  a sliding  piece,  which  allows  the  distance  from 
the  screen  to  be  adjusted  to  circumstances.  If  the  representation 
be  desired  large,  the  lens  must  be  of  a long  focus ; if  small,  the 
lens  must  be  of  a short  focus.  Again,  when  by  the  reversed  use 
of  the  lens,  a small  object  as  d is  to  be  magnified  on  a screen  or 
in  the  air  to  such  a size  as  a h,  then  the  object  must  be  placed 
but  a little  beyond  the  principal  focus  of  the  glass ; if  it  be  placed 
nearer,  the  pencils  of  rays  from  it  would  never  be  gathered 
to  focal  points  at  all,  and  ]io  image  would  be  formed  at  any 
distance. 

1 052.  When,  as  supposed  in  the  last  sentence,  a small  object 
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is  placed  Veiy  near  a strong  lens,  and  the  image  is  thrown  upon 
the  wall  of  a dark  room,  perhaps  a hundred  times  farther  from 
the  lens  than  the  object  is,  the  image  is  a greatly  magnified 
representation  of  the  object,  viz.,  it  is  a liundred  times  longer  and 
a hundi-ed  times  broader,  and  therefore  has  ten  thovigand  times 
as  much  surface  as  the  object ; but  if  in  such  an  experiment  the 
object  be  illumined  only  in  an  ordinary  degree,  the  light  from 
it  is  so  scattered  as  not  to  suffice  for  distinct  vision.  Hence,  to 
attain  fully  in  this  manner  the  purpose  of  a microscope,  a very 
strong  light,  concentrated  by  a suitable  mirror  or  lens,  must  be 
directed  upon  the  object.  When  the  light  of  the  sun  is  used  in 
such  a case,  the  complete  apparatus  is  called  the  solar  microscope, 
and  serves  well  to  display  the  structure  of  many  minute  objects. 
When  artificial  light  is  used,  as  that  of  a lamp,  the  apparatus  is 
called  the  lucernal  microscope  or  magic  lantern, 

1053.  The  solar  microscope  was  highly  valued  until  the  im- 
provements in  the  construction  of  lenses  were  made,  by  which 
the  dispersion  of  light,  or  the  rainbow  fringe  was  prevented,  and 
until  the  electric  light  could  be  substituted  for  that  of  the  sun. 
With  the  table  microscope  only  one  person  at  a time  can  see  the 
wonder  ; but  with  the  solar  microscope,  or  that  with  the  electric 
light,  a whole  roomful  of  company  may  be  at  once  contemplating 
the  same  objects  and  witnessing  the  same  actions. 

1054.  The  magic  lantern  consists  of  a powerful  lens,  with 
objects,  highly  illumined  by  artificial  light,  placed  so  near  it 
that  their  images  are  formed  far  off,  and  are  therefore  pro- 
portionally larger.  For  the  magic  lantern  the  objects  are 
generally  paintings  made  on  thin  plates  of  glass  with  trans- 
parent colours ; and  the  plates  are  formed  to  slide  in  a groove 
ibehind  the  lens.  The  lens  itself  is  moveable,  because  con- 
nected with  the  moveable  tube  which  is  seen  projecting  from 
the  lantern,  so  that  its  distance  from  the  object  may  be  varied, 
and  thus  a corresponding  aj)proach  to.-  or  receding  fi-om  the 
screen  is  allowed,  which  will  vary  the  magnitude  of  the  visible 
pictui'e  on  the  wall. 

Some  public  lectm'ers  on  astronomy  and  other  branches  of 
knowledge,  have  had  the  drawings  and  paintings  required  for 
the  elucidation  of  their  subjects,  made  in  rniniature  upon  glass, 
to  be  magnified  to  the  degree  desired,  upon  a screen  in  the 
lecture-room,  by  the  magic  lantern. 

1055.  A thin  mist  or  smoke  at  night  will  sometimes  reflect 
the  images  of  a magic  lantern  so  as  to  make  them  distinctly 
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visible ; and  there  are  cases  on  record,  where  persons,  mis- 
chievously ingenious  in  this  way,  have  terrified  ignorant  indi- 
viduals almost  to  death,  by  throwing  spectres  from  a concealed 
lantern  upon  an  artificially-produced  smoke. 

1056.  Dissolving  Views. — Under  this  appellation  a very 
pleasing  theatrical  exhibition  has  of  late  become  common. 
After  the  spectators  are  seated,  the  theatre  is  rendered  for  a 
little  while  completely  dark,  and  pleasing  music  may  be  heard. 
Then  there  comes  into  view,  over  the  stage,  appearing  a reality, 
some  scene  of  high  interest, — such  as  the  Falls  of  Niagara, 
ships  surrounded  by  the  icebergs  and  cliffs  of  a polar  region,  a 
party  of  travellers  laboriously  working  their  way  among  pre- 
cipitous rocks,  over  a high  mountain  pass,  a numerous 
caravan  traversing  a sandy  desert,  &c.  Suitable  verbal  de- 
scription accompanies,  and  when  time  has  been  given  for  full 
examination  of  one  scene,  the  sound  of  a little  bell  announces 
the  coming  change.  The  late  view  begins  to  fade,  and  at  the 
same  time  new  objects  are  dimly  appearing  in  mixture  with  the 
others.  These  others  have  soon  vanished  entirely,  and  the  new 
scene  becomes  clear  and  perfectly  defined.  The  mechanism 
by  which  these  appearances  are  produced  includes  two  magic 
lanterns,  concealed  near  the  front  of  the  gallery,  and  throwing 
their  imagery  upon  a screen  suspended  over  the  stage.  The 
departing  scene  is  caused  to  become  dim  and  to  disappear 
by  gradually  diminishing  the  light  of  its  lantern,  while  the 
approaching  scene  is  made  to  grow  into  brightness  and  reality 
by  increasing  the  light  of  the  lantern  on  which  it  depends. 
A succession  of  such  views  may  be  continued  at  will,  including 
marvels  which  travellers  go  far  to  visit,  and  even  striking  events 
which  history  records,  as  the  eruptions  of  volcanoes,  the  effects 
of  earthquakes,  like  that  of  Lisbon  in  1755.  An  endless  variety 
of  very  ingenious  exhibitions  of  this  kind  have  been  made,  under 
the  names  of  the  phantasmagoria,  or  raising  of  spectres,  faio'y 
dreams,  &c. 

“ The  EYE  itself  is,  in  fact,  hut  a small  camera  dbscura.^'  (Read 
the  Analysis,  page  497.) 

1057.  Who  could  at  first  believe  that  the  account  above 
given  of  the  camera  obscura  describes  closely  also  that  most 
interesting  object  in  creation,  the  living  eye  itself; — the  great 
inlet  of  man’s  knowledge,  and  the  window  through  which  is 
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perceived  much  of  what  passes  in  the  mind  within ! Yet  the 
eye  is  really  but  a small  camera  obscura,  conrbining  all  the 
parts  above  described  as  essential  to  the  camera,  and  many 
more ; but  in  that  smallness  still  so  perfect,  that  persons  who 
delight  in  meeting  around  them  the  clear  evidences  of  the 
power,  Avisdom,  and  goodness  which  willed  this  Avorld  into 
existence,  point  to  the  eye  as -one  of  the  most  striking  and  con- 
vincing of  all.  We  shall  now  describe  the  eye  and  its  actions; 
and  keeping  present  the  idea  of  the  camera  obscura,  Ave  shall 
find  that  the  nature  and  uses  of  the  various  parts  of  the  eye  are 
declared  by  merely  naming  them.  This  paragraph  should  be 
perused  Avhile  the  reader  can  observe  his  OAvn  eye  reflected  in  a 
mirror,  or  the  eyes  of  friends  near  him. 

1058.  The  human  eye  then  is  a globular  chamber  of  the  size 
of  a large  walnut,  having  for  its  outer  wall  C a very  tough  mem- 
brane, called,  from  its  hardness,  the  sclerotic  coat ; in  the  front  of 
this  there  is  one  round  opening  or  Avindow  E B,  named,  because 
of  its  horny  texture,  the  cornea.  The  chamber  is  lined  Avith  a 
finer  membrane  or  web,  the  choroid  (having  relation  to  coloiu’), 
Avhich  to  insui-e  the  internal  darkness  of  the  place,  is  covered 
with  a black  paint,  the  ^pigmentum  nigrum.  This  lining  is  bor- 
dered at  the  edge  of  the  round  window  by  Avhat  may  be  called 
a folded  drapery,  the  ciliary  processes,  hidden  from  without  by 
being  behind  the  curious  contractile  windcAA^-cmdain  the  iris  (so 
named  from  its  rainbow  variety  of  colour  in  different  persons), 
through  the  central  opening  of  which,  called  the  pupil,  the  light 
enters.  Immediately  behind  the  pupil  is  suspended  by  attach- 
ments among  the  ciliary  processes,  the  crystalline  lens  D,  a 
double  convex  perfectly  transparent  body  of  considerable  hard- 
ness, which  so  refracts  the  light  passing  through  it  from  external 
objects,  as  to  form  perfect  images  of  these  objects,  in  the  w'ay 
already  described,  on  the  back  wall  of  the  eye  G,  over  which  the 
optic  nerve,  there  called  the  retina,  is  spread  as  a second  lining. 
The  eye  is  maintained  in  its  globular  form  by  a Avatery  liquid, 
which  distends  its  external  coverings,  and  Avhich  in  the  space 
before  the  lens,  or  the  anterior  chamber  of  the  eye,  being  perfectly 
limpid,  is  called  the  aqueous  humour,  and  in  the  remainder  or 
larger  posterior  chamber,  being  inclosed  in  a pellucid  spongy 
structure,  so  as  to  acquire  someAvhat  of  the  appearance  of  melted 
glass,  is  called  the  vitreous  humour. 

The  annexed  figure  represents  an  eye  of  the  common  dimen- 
sions, supposed  to  be  cut  through  its  middle,  from  above  doAvn- 


THE  EYE— STRUCTURE. 


529 


wards,  so  as  to  sliow  the  edges  of  the  coats,  &c.  C is  the  outer 
or  scIeroHc  coat,  known  popularly,  where  most  exposed  in  front 


and  covered  with  a whitish  membrane,  as  the  tvhite  of  the  eye. 
A is  the  transparent  coruQa  joined  to  the  edge  of  the  round 
opening  of  the  sclerotic : it  is  more  bulging  than  the  sclerotic, 
or  forms  a portion  of  a smaller  sphere  than  the  general  eye- 
ball, so  that  wliile  it  may  be  truly  called  a bow-window,  it,  with 
the  convex  surface  of  its  contained  water,  forms  a powerful  lens 
for  acting  to  converge  the  pencils  of  entering  light.  At  B,  and 
similarly  all  round  the  edge  of  the  cornea,  is  attached  the 
window-curtain  or  iris,  shown  here  edgeways,  immersed  in  the 
acpieous  humoui’,  and  extending  inwards  from  above  and  below 
towards  its  central  opening  or  pupil,  through  which  the  rays  of 
light  are  passing  to  the  lens.  The  iris  has  in  its  structure  two 
sets  of  fibres,  the  circular  and  the  radiating,  which  cross  and  act 
in  opposition  to  each  other,  keeping  the  membrane  flat  and 
tense : — when  the  cncular  fibres  contract,  the  pupil  is  lessened, 
when  the  radiating  contract,  it  is  enlarged ; and  the  changes 
happen  according  to  the  intensity  of  light  and  the  state  of  sen- 
sibility of  the  retina,  as  may  at  any  time  be  proved  by  closing 
the  eyelids  for  a moment  to  make  the  pupil  dilate,  and  then 
opening  them  towards  a strong  light,  to  make  it  contract. 
Behind  the  pupil  is  seen  the  lens  D with  its  circumference 
attached  to  the  ciliary  processes  E : it  is  more  convex  beliind 
than  before.  The  disease  of  the  eye  called  cataract  (from  a 
Greek  word  implying  obstruction),  exists  when  the  lens  becomes 
oparpie,  and  the  cure  is  to  extract  the  lens  entirely,  or  to  depress 
it  to  the  bottom  of  the  eye,  and  then  to  substitute  for  it  exter- 
nally a powerful  artificial  lens  or  spectacle-glass.  The  three 
lines  marking  here  the  external  wall  or  boundary  of  the  eye 
stand  for  its  three  coats  as  they  have  been  called,  the  strong 
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sclerotic,  and  the  double  lining  of  the  choroid  and  retina.  The 
figure  of  a cross  is  represented  upon  the  back  part  of  the  retina 
as  formed  by  the  light  entering  from  the  cross  without  (which 
cross  has  to  appear  here  small  and  near,  although  representing 
one  large  and  distant).  The  image  of  the  cross  is  inverted,  as 
explained  for  the  camera  obscura:  but  we  learn  that  the  per- 
ception of  an  object  may  be  equally  distinct  in  whatever 
position  the  image  fall  on  the  retina.  It  has  been  explained 
above,  that  a lens  can  form  well  imagery  of  great  extent  only 
on  a concave  surface, — and  the  retina  is  such  a surface.  The 
present  diagram  further  explains  what  is  meant  by  the  anterior 
and  posterior  chambers  of  the  eye,  namely,  the  compartments 
which  are  before  and  behind  the  crystalline  lens  D. 

1059.  The  nature  of  the  eye  as  a camera  obscura  is  strikingly 
exhibited  by  taking  the  eye  of  a recently-killed  bullock,  and 
after  carefully  cutting  away  the  back  part  of  the  two  outer- 
coats,  going  with  it  to  a dark  place  and  directing  the  pupil 
towards  any  brightly  illuminated  objects.  There  may  then  be 
seen  through  the  semi-transparent  retina,  left  as  a screen  at  the 
back  of  the  eye,  a minirte  but  perfect  picture  of  all  the  objects 
in  front — a picture,  therefore,  formed  on  the  back  of  the  httle 
apartment  or  camera  obscura,  by  the  agency  of  the  convex 
cor-nea  and  lens  in  front,  just  as  occurs  in  our  artificial  camera. 
The  picture  is  inverted,  for  reasons  explained  above. 

Understanding  from  all  this,  that  when  a man  is  said  to  be 
looking  at  an  object,  his  mind  is  in  truth  only  taking  cogni- 
zance of  the  picture  or  impression  made  on  his  retina,  it  excites 
admiration  to  think  of  the  exquisite  delicacy  of  texture  and  of 
sensibility  which  the  retina  must  possess,  that  there  may  be  the 
perfect  perception  which  really  occurs  of  even  the  separate  parts 
of  the  minute  images  there  formed.  A whole  printed  sheet  of 
newspaper,  for  instance,  may  be  portrayed  on  the  retina  on  less 
space  than  the  surface  of  a fimger-nail,  and  yet  not  only  shall 
every  word  and  letter  be  separately  perceivable,  but,  in  the 
centre  of  the  picture  at  least,  even  an  imperfection  of  a single 
letter.  Or,  more  wonderful  still,  when  at  night  an  eye  is 
turned  up  to  the  wide  vault  of  heaven,  there  is  portrayed  on  the 
little  concave  of  the  retina  the  whole  boundless  concave  of  the 
sky. 

1060.  Upright  Vision  from  Inverted  Images. — Because  the 
images  formed  on  the  retina  are  always  inverted  as  respects  the 
true  position  of  the  objects  producing  them — just  as  happens  in 
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a simple  camera  obsciira, — persons  liave  wondered  that  things 
slionid  appear  upright,  or  in  their  true  situations.  The  explana- 
tion is  simple.  It  is  known  that  a man  in  bed  with  his  cheek 
on  the  pillow  judges  as  correctly  of  the  position  of  the  objects 
around  him,  as  any  other  person — never  deeming  them  to  bo 
inclined  or  crooked,  because  their  images  on  his  retina  are  in- 
clined in  relation  to  the  natiiral  perpendicular  when  the  head  is 
erect.  And  boys  who  at  play  bend  themselves  down  to  look 
backwards  from  between  their  knees,  although  a little  puzzled 
at  first,  because  the  usual  position  of  the  images  on  the  retina  is 
reversed,  soon  see  as  correctly  in  that  way  as  in  any  other.  It 
appears,  therefore,  that  while  the  mind  studies  the  form,  colour, 
&c.,  of  external  objects  in  their  images  as  pictiu-ed  on  the  retina, 
it  judges  of  their  position,  not  by  the  accidental  position  of  the 
images  on  the  retina,  but  by  the  defection  as  ascertained  by  the 
touch  and  experience,  in  which  the  light  comes  from  the  object 
and  its  parts  towards  the  eye — no  more  deeming  an  object  to 
be  jDlaced  low  because  its  image  is  low  in  the  eye,  than  a man 
in  a room  into  which  a simbeam  enters  by  a hole  in  the  window- 
shutter,  deems  the  sun  low  because  its  image  is  on  the  floor. 
A candle  carried  past  a key-hole,  throws  its  light  on  the  opposite 
wall,  so  as  to  cause  the  luminous  spot  there  to  move  in  a dhec- 
tion  the  opposite  of  that  in  which  the  candle  is  carried ; but  a 
child  must  be  very  young  who  has  not  learned  to  judge  at  once 
of  the  true  motion  of  the  candle  by  the  contrary  apparent 
motion  of  the  image.  A boatman,  who,  being  accustomed  to  his 
oar,  can  direct  its  point  against  any  object  with  great  precision, 
has  long  ceased  to  deem  it  strange  that  when  he  desmes  to  move 
the  point  of  an  oar  in  some  one  direction,  his  hand  must  move 
in  the  contrary  du’ection.  Now  the  seeing  things  upright,  by 
images  which  are  inverted,  is  a phenomenon  akin  to  those  here 
reviewed. 

1061.  Single  Vision  loith  two  Eyes. — Another  question  some- 
what allied  to  the  last  is,  why,  as  we  have  two  eyes,  and  an 
image  of  any  object  placed  before  them  is  formed  in  each — why 
the  object  does  not  appear  to  us  to  be  double  ? In  answer  to 
this,  we  have  again  to  state  the  simple  facts  of  the  case.  As 
in  two  chess-boards  there  are  corresponding  squares,  so  in  the 
two  eyes  there  are  corresponding  points,  and  when  on  those 
points,  or  very  near  them,  a similar  impression  is  made  at  the 
same  time,  the  sensation  or  vision  is  single  and  distinct ; but  if 
the  impressions  be  made  on  points  which  do  not  correspond — 

2 M 2 


532 


LIGHT. 


owing  to  some  disturbance  of  the  natm-al  position  of  the  eyes, 
the  vision  becomes  double  and  indistinct.  The  sympathy  of  a 
pair  of  healthy  eyes  is  so  strong,  that  from  earliest  infancy  they 
constantly  move  in  perfect  unison.  By  slightly  pressing  a 
finger  on  the  ball  of  either  eye,  so  as  to  prevent  its  following  the 
motion  of  the  other,  there  is  immediately  produced  the  double 
vision.  Tumours  about  the  eye  may  have  the  same  effect. 
Persons  who  permanently  squint  have  always  double  vision; 
but  they  acquire  the  power  of  attending  to  the  sensation  in  one 
eye  at  a time.  Animals  which  have  the  eyes  placed  on  opposite 
sides  of  the  head,  so  that  the  two  can  never  be  directed  to  the 
same  point,  must  have  in  a more  remarkable  degree  the  faculty 
of  thus  attending  to  one  eye  at  a time. 

1062.  The  corresponding  points  in  the  two  eyes  are  equi- 
distant, and  in  similar  directions  to  the  right  or  left  sides  from 
the  centres  of  the  retinte,  which  centres  are  called  the  points  of 
distinct  vision,  and  at  them  the  imaginary  lines  named  the  axes 
of  the  eyes  begin  or  terminate  ; but  it  has  to  be  remarked  that 
these  points,  in  being  both  to  the  right  or  both  to  the  left  of  the 
centres,  must  be  one  of  them  on  the  inside  or  between  the 
centre  and  the  nose,  and  the  other  on  the  outside,  between  the 
centre  and  the  ear,  from  which  fact  arise  important  conse- 
quences. When  the  two  eyes  are  directed  to  any  object,  or 
rather  point  of  an  object,  their  axes  meet  at  it,  and  the  centres 
of  the  two  retinte  are  exactly  opposite  to  it,  giving  the  sensation 
of  single  distinct  vision ; but  the  images  formed  at  the  same 
time,  of  objects  nearer  to  or  farther  from  the  eye  than  the  first 
supposed,  cannot  fall  on  corresponding  points,  for  an  object 
nearer  than  where  the  axes  meet  would  have  both  its  images  on 
the  outsides  of  the  centres,  and  an  object  more  distant  would 
have  both  its  images  on  the  insides  of  the  centres,  and  in  either 
case  the  vision  would  be  double.  Thus  if  a person  hold  up  one 
thumb  before  his  eyes,  and  the  other  in  the  same  direction,  but 
farther  off,  by  then  looking  pointedly  and  steadily  at  the  nearer, 
the  more  distant  will  appear  double,  and  by  then  looking  simi- 
larly at  the  more  distant,  the  nearer  will  appear  double  ; and 
the  same  happens  whatever  other  objects  at  different  distances 
are  viewed  in  the  same  manner.  (See  Art.  1118.) 

1063.  The  reason  for  applying  the  term  “point  of  distinct 
vision  ” to  the  centre  of  the  retina,  is  felt  at  once  by  looking  at 
a printed  page,  and  observing  that  only  the  two  or  three  letters 
to  which  the  axis  of  the  eye  is  directed,  are  distinctly  seen ; and. 
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consequently,  that  although  the  whole  page  is  depicted  on  the 
retina  at  once,  the  eye,  in  reading,  has  to  direct  its  centre  suc- 
cessively to  every  part.  Then  it  may  be  remarked,  in  viewing 
the  diagram  of  tlie  eye,  that  the  centre  of  the  retina  is  more  dis- 
tant from  the  lens  than  any  other  part  of  it,  and,  consequently, 
that  when  the  centre  is  at  the  true  focal  distance  required  for 
the  formation  of  a perfect  image,  no  other’point  of  the  retina  can 
be  so  at  the  same  time. 

1064.  On  examining  a dead  eye,  the  point  of  distinct  vision 
is  distinguishable  from  the  retina  around  by  being  rather  more 
transparent.  It  might  have  been  expected  that  this  point  would 
be  where  the  optic  nerve  enters  the  eye  : but,  in  fact,  the  optic 
nerve  enters,  considerably  nearer  to  the  nose  than  the  point 
of  distinct  vision ; and  the  part  is  altogether  blind  or  insensible. 
Had  the  two  optic  nerves  therefore  entered  at  points  of  the 
retnaa  corresponding  (in  the  sense  explained  above),  there  would 
have  been  an  invisible  spot  on  every  object,  opposite  to  the  in- 
sensible points ; but  as  the  case  really  stands,  the  part  of  any 
object  from  which  the  hght  passes  to  the  insensible  or  blind  part 
of  one  eye  cannot  be  opposite  to  the  insensible  part  of  the  other. 
The  existence  of  the  blind  spot,  where  the  nerve  of  the  eye  enters, 
is  discoverable  by  placing  in  a row  on  a table  some  small  objects, 
as  coins  or  wafers,  about  three  inches  apart,  and,  one  eye  being 
closed,  by  looking  with  the  other  at  a middle  object  of  the 
row:  the  object  next  to  that,  on  the  outside,  will  then  be 
invisible,  although  those  still  farther  off  will  remain  in  sight. 
Another  mode  of  proof  is  to  shut  one  eye  while  looking  with  the 
other  at  the  nails  of  the  two  thumbs  held  together  before  the 
face  ; on  then  moving  the  outside  thumb  sideways  away  from  the 
other,  while  the  eye  continues  dmected  to  the’  other,  the  moved 
one,  when  at  the  distance  of  about  three  inches,  will  disappear, 
but  will  come  into  view  again  when  still  farther  removed. 

1065.  It  appearing,  from  the  explanations  now  given,  that 
there  cannot  be  perfect  sight  unless  where  a perfect  image  is 
formed  on  the  retina ; and  the  truth  having  been  formerly  ex- 
plained, that  perfect  images  behind  any  lens  will  be  formed  at 
different  distances  from  it,  according  to  the  various  distances 
of  the  objects  in  front,  that  is  to  say,  according  as  the  pencils  of 
light  which  fall  upon  it  have  more  or  less  of  divergence  in  them, 
it  follows,  that  the  eye  in  being  able,  as  it  is,  to  see  distinctly 
objects  at  different  distances  (the  shortest  is  about  five  inches), 
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possesses  a power  of  altering  the  relation  of  its  parts  to  accommo- 
date itself  to  the  circumstances.  We  do  not  yet  accurately 
know  whether  it  does  this  by  lengthening  or  changing  the  form 
of  the  ball  through  the  action  of  the  surrounding  muscles,  or  by 
changing  the  place  or  the  form  of  the  lens. 

Among  the  eyes  of  the  myriads  of  mankind,  however,  it  hap- 
pens that  all  do  not  originally  possess  such  powers  exactly  in  the 
requisite  degree,  and  that  many  lose  them  from  a natural  decay 
as  life  advances. 

Persons  are  called  short-sigMed\s\ios,&  eyes  from  too  great  con- 
vexity of  the  cornea  or  lens,  have  so  strong  a bending  or  converg- 
ing power  that  the  rays  of  light  entering  them  are  brought  to  a 

focus  before  reaching  the 
retina — at  a,  for  instance,  in- 
stead of  at  h;  so  that  the 
rays,  when  spreading  again 
beyond  the  focus,  where  they 
cross  one  another,  produce  on  the  retina  that  sort  of  indistinct 
image  which  is  seen  in  a camera  obscura,  of  which  the  screen 
is  too  distant  from  the  lens.  This  defect  of  sight  obliges  the 
individual,  when  using  the  naked  eye,  to  hold  objects  very  near 
to  it,  that  the  consequent  greater  divergence  of  the  rays  may 
be  proportioned  to  the  unusual  refracting  power  of  the  eye ; — or 
the  person  may  find  a remedy  in  placing  concave  lenses  between 
the  object  and  the  eyes,  which  lenses,  by  lessening  the  converg- 
ence of  the  rays  from  objects  at  a usual  distance  (as  explained 
at  Art.  1036),  cause  the  perfect  images  in  the  eye  to  be  formed 
farther  from  the  lens,  and  thereby  on  the  retina  itself.  Without 
concave  spectacles — as  the  lenses  are  called  when  fixed  together 
in  a frame — persons  with  the  defect  now  under  consideration 
cannot  see  objects  distinctly  from  a distance  exceeding  ten  or 
twelve  feet.  This  defect  often  diminishes  with  years,  so  that 
the  person  who  in  youth  needed  strong  spectacles,  in  old  age 
sees  well  without  them. 

1067.  There  is  the  opposite  defect  of  deficient  convergent 
power  in  the  eye,  dependent  on  a too  great  flatness  of  the  cornea 
or  lens,  and  which  is  much  more  common  than  the  last-mentioned 
defect.  The  great  majority  of  persons  after  middle  age  begin  to 
experience  a degree  of  this.  In  such  cases  the  rays  of  light  are 
not  collected  quite  into  a focus  when  they  reach  the  retina; 
they  would  meet  only  at  h,  for  instance,  instead  of,  as  they  should 
do,  at  e,  and  hence  the  image  is  indistinct,  in  the  same  manner 
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as  in  a camera  obscura,  when  the  screen  is  lielcl  too  near  to 
the  lens.  Persons  suffering  this  defect  cannot,  when  using  the 
naked  eye,  see  distinctly  any  object  very  near  to  it,  because  the 
deficient  converging  power 
of  the  eye  cannot  conquer 
the  great  divergence  of  rays 
coming  from  a near  point ; 
hence,  they  will  remove  ob- 
jects under  examination,  as  a book  or  newspaper,  to  a considerable 
distance,  even  to  that  of  arm’s  length,  so  as  to  receive  from  them 
only  rays  nearly  parallel.  These  persons,  in  contradistinction 
to  the  last  described,  are  called  long-sighted  persons.  This  defect 
is  remedied  by  the  common  convex  spectacles,  which  do  part 
of  the  converging  work,  so  to  express  oui’selves,  before  the  light 
enters  the  eye,  leaving  undone  only  that  which  the  weakly  con- 
verging eye  can  easily  accomplish.  As  this  defect,  like  the  last, 
is  met  with  in  all  degrees,  spectacles  must  be  chosen  accordingly. 
Certain  curvatures  or  strengths  of  these  have  been  particularized 
and  numbered  as  naturally  belonging  to  different  ages  or  periods 
of  life,  but  each  person  should  choose  under  the  direction  of  a 
competent  judge,  until  that  strength  be  found  which  enables  him 
or  her  to  read,  without  any  straining  of  the  eye,  at  the  common 
distance  of  about  twelve  inches.  We  cannot  reflect  on  tliis  part 
of  our  subject  without  admiration  at  what  science  has  accom- 
plished in  assisting  and  restoring  human  sight,  after  the  organs, 
from  age,  have  become  enfeebled.  Now  that  in  civilized  society, 
the  common  employments  and  enjoyments  of  life  require  a visual 
power  capable  of  distinguishing  such  minute  objects  as  written 
and  printed  characters,  to  deprive  old  people  of  their  spectacles, 
would  be  to  condemn  many  of  them  to  a kind  of  painful  inac- 
tivity for  the  remainder  of  their  lives. 

1068.  Up  to  a recent  time  it  was  believed  that  the  change  in 
the  state  of  the  eyes,  which  comes  on  about  middle  age,  obliging 
most  persons  to  use  spectacles,  was  simply  a weakening  of  the 
converging  power  of  the  eyes ; but  the  writer  found,  in  his  own 
case,  that  the  defect  arose  chiefly  from  double  images  of  the 
objects  being  formed  in  each  eye,  one  image  being  strong,  as 
usual,  and  the  other  being  more  faint,  overlapping  the  flrst,  and 
jutting  beyond  it  towards  the  right  hand.  For  a time  he  deemed 
this  a peculianty  in  his  own  case,  but  accident  leading  him  to 
examine  further,  he  found  that  a great  majority  of  the  persons 


53G 


LIGHT. 


using  spectacles  liad  the  same  defect.  As  the  age  of  these  was 
greater,  the  double  vision  was  more  marked,  and  the  displace- 
ment to  the  right  of  the  fainter  image  was  greater.  Old  people 
found  tliat  while  a broad  object  had  only  a shadowy  projecting 
edge  on  the  right  side,  tall  narrow  objects,  like  a flag-staff,  a 
long  cliimney,  or  a slender  steeple,  appeared  two,  standmg  dis- 
tinctly apart.  The  parties  had  not  been  clearly  aware  of  the 
fact,  but  it  Avas  easily  proved  thus : Two  lines  of  equal  strength 
or  breadth  are  drawn  on  paper  directly  crossing  each  other.  If 
such  cross  be  then  held  before  the  eyes,  one  line  being  vertical 
and  the  other  horizontal,  the  horizontal  line  appears  thicker 
and  darker  than  the  other.  The  explanation  is,  that  the  dis- 
placement to  one  side  (generally  the  right  side)  of  the  faint 
image  of  the  cross  leaves  the  horizontal  lines  of  both  still  coin- 
ciding, and  therefore  dark,  while  the  vertical  lines  are  separated, 
and  therefore  appear  broader  and  less  dark.  To  a person  having 
this  defect,  a printed  page  seems  to  have  double  letters,  and  if 
the  lateral  displacement  amounts  to  only  half  the  breadth  of  a 
common  letter,  the  faint  doAvnward  lines  bf  the  one  set  ajjpear 
between  the  stronger  lines  of  the  other,  and  darken  all ; but  if 
the  displacement  be  greater,  the  shadowy  lines  may  coincide 
Avith  the  stronger,  and  so  are,  in  great  part,  concealed,  except  at 
the  very  ’end  of  the  lines.  The  same  clearing  effect  may  be 
produced  by  holding  the  page  farther  from  the  eyes.  Happily 
the  common  spectacle  lenses  remedy,  to  a considerable  extent, 
this  defect,  as  well  as  the  feeble  convergence. 

1069.  An  eye  much  accustomed  to  examine  near  and  minute 
objects,  may  lose  something  of  its  pliancy,  and  become  defective 
when  tried  at  distant  things,  as  that  of  the  miniature  painter,  the 
engraver,  &c.  On  the  other  hand,  the  old  seaman’s  eye,  wliich 
has  so  often  and  uninterruptedly  been  directed  to  the  distant 
horizon,  straining  to  catch  the  view  of  an  expected  sail,  or  of 
land,  has  a power  of  judging  of  distant  things  which  sui-prises, 
while  in  regard  to  small,  near  things,  it  experiences  deficiency. 

1070.  A man  who  tries  to  see  with  the  eyes  under  Avater  has 
very  indistinct  vision,  because  the  difference  of  density  between 
water  and  the  eye  not  being  so  great  as  between  air  and  the 
eye,  the  bending  or  refraction  of  light  entering  from  the  Avater 
is  not  so  great  as  to  produce  perfect  images  on  the  retina.  Aid 
Avould  be  given  in  such  a case  by  using  very  convex  spectacles. 
It  is  to  meet  the  necessity  of  the  case  that  the  lens  of  a fish’s- 
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eye  is  extremely  convex,  or  almost  a ball.  The  white  round 
ball  found  in  the  eye-socket  of  a boiled  fish  is  the  crystalline 
lens  of  the  fish  coagulated  or  hardened,  as  white  of  egg  is 
liardened  during  the  boiling. 

There  are  important  considerations  connected  with  the  sensi- 
bility of  the  retina,  which  regard  rather  the  laws  of  life  than 
of  light,  but  which  requh-e  attention  here. 

1071.  Any  impression  of  light  made  upon  the  retina  lasts  for 
about  the  sixth  part  of  a second.  Hence  when  the  burning  end 
of  a stick  is  made  to  sweep  rapidly  across  the  view,  its  path 
appears  to  the  eye  to  be  a long  continuous  line  of  light ; and  if 
it  be  made  to  revolve  in  a circle  six  times  in  a second,  as  when 
moved  by  the  hand,  or  fixed  to  a turning  wheel,  that  circle  will 
appear  to  the  eye  to  be  a complete  ring  of  fire.  A small  polished 
ball  of  steel  on  the  end  of  an  elastic  wire,  of  which  the  other  end 
is  fixed  in  a block  of  wood,  when  caused  to  vibrate,  similarly 
forms  a line  or  a curve  of  light.  A harp-string  while  vibrating 
as  it  sounds,  appears  Tike  a flat  transparent  riband.  Lightning 
or  other  meteor  darting  across  the  sky,  although  in  fact  but 
a single  luminous  point,  is  generally  thought  of  as  a line  of 
light : the  term  forked  lightning  has  reference  to  this  illusion. 
The  same  remark  applies  in  a degree  to  a sky-rocket  in  its  rapid 
ascent.  Two  or  more  colours  painted  separately  on  the  rim  of 
a wheel  which  is  made  to  tm-n  rapidly,  appear  to  a spectator  to 
be  these  colours  really  mixed : — it  has  been  explained  already 
how  patches  of  all  the  colours  of  the  rainbow,  when  mixed  in 
this  way  on  a turning  wheel,  form  white  light.  If  on  one  side  of 
a card  a little  bird  be  painted,  and  on  a corresponding  part  of 
the  other  side  a cage  be  shown,  on  then  making  the  card  turn 
rapidly  by  twisting  between  the  fingers  and  thumbs  threads  fixed 
to  its  opposite  edges,  the  bird  and  cage  will  be  seen  at  once,  and 
the  bird  will  appear  to  be  within  the  cage.  Dr.  Paris  displayed 
taste  and  amiable  ingenuity  in  designing  this  toy  with  great 
variety  of  subjects. 

1072.  A certain  intensity  of  light  is  necessary  for  distinct 
vision,  but  the  degree  varies  much  according  to  the  previous 
state  of  the  organ.  A person  passing  from  the  bright  day  into  a 
shaded  room,  may  for  a time  fancy  himself  in  almost  total  dark- 
ness, but  by  persons  sitting  in  the  room,  and  become  accustomed 
to  the  feeble  light,  every  object  is  clearly  seen.  The  dawn  of 
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morning  after  the  darlmess  of  night  appears  much  brighter  than 
an  equal  degree  of  light  in  the  evening.  When,  as  the  night 
falls,  lamps  or  candles  are  first  introduced,  their  moderate  glare 
is  often  for  a time  offensive  to  the  eye ; and  a similar  feeling, 
but  still  stronger,  is  experienced,  when  in  the  morning,  bed- 
room window-shutters  or  close -drawn  curtains  are  suddenly 
opened.  After  the  repose  of  night,  the  sensibility  of  the  eye, 
when  first  opened,  is  often  such  that  the  globules  of  blood 
moving  in  the  capillary  vessels  of  tlie  retina  produce  the  impres- 
sion there  of  little  balls  of  light  pursuing  one  another  along  the 
tortuous  vessels.  To  a prisoner  after  long  confinement  in  a dark 
dungeon,  the  full  light  of  day  is  almost  insupportable.  A dun- 
geon, which  to  unaccustomed  eyes  is  utterly  dark,  still  to  its 
long-held  inmate  may  seem  feebly  illumined.  There  are  in- 
stances in  the  records  of  the  barbarous  ages,  of  prisoners  confined 
for  years  in  darkness,  deemed  absolute,  but  where,  after  a time, 
they  had  made  entertaining  companions  of  the  mice  and  spiders 
in  their  cells.  The  darkness  of  a total  eclipse  after  bright  sun- 
shine appears  deeper  than  it  really  is.  The  long  polar  night, 
which  lasts  for  months,  ceases  to  appear  very  dark  to  the  in- 
habitants of  the  country. 

If  an  eye  be  directed  for  a time  to  a black  wafer  laid  on  a sheet 
of  white  paper,  and  be  then  turned  to  another  part  of  the  sheet, 
a portion  of  the  paper  at  that  other  part,  of  the  size  of  the  wafer, 
will  appear  brilliantly  illuminated  ; because  the  ordinary  degree 
of  light  from  it  appears  intense  to  the  part  of  the  retina  lately 
receiving  almost  none.  An  eye  directed  long  and  intensely  to 
any  minute  object — as  when  a sailor  watches  a speck  seen  in  the 
distant  horizon,  supposed  to  be  a ship,  or  when  a sportsman  on 
brown  heath  keeps  his  eye  fixed  on  a bird  nearly  of  the  colour 
of  the  heath,  or  when  an  astronomer  gazes  long  at  a little  star — 
has  the  sensibility  of  its  centre  at  last  weakened,  and  ceases  to 
perceive  the  object ; but  if  the  axis  of  the  eye  be  then  turned  a 
little  to  one  side  of  the  object,  so  that  an  image  may  be  formed 
only  near  the  centre,  the  object  may  be  again  perceived,  and 
the  centre,  in  the  meantime  enjoying  repose,  will  recover  its 
power. 

1073.  But  the  most  stj’iking  fact  connected  with  the  sensibiKty 
of  the  retina  is,  that  if  part  of  it  be  strongly  exercised  for  a time, 
by  looking  at  some  bright-coloured  object ; on  the  eye  bemg 
then  turned  away  or  altogether  shut,  an  impression  or  spectrum 
will  remain  of  the  same  form  as  the  object  lately  contemplated. 
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but  of  a different  colom-,  deemed  the  opposite  of  the  other.  Thus 
if  an  eye  be  directed  for  a time  to  a red  wafer  laid  on  white 
paper,  and  be  tlien  shut  or  turned  to  another  part  of  the  paper, 
a beautifully-bright  green  wafer  will  be  seen  ; and  vice  versa,  a 
green  wafer  will  produce  a red  spectrum,  and  a cluster  of  wafers 
will  produce  a similar  cluster  of  opposite  colours.  Then  if  the 
hand  be  held  over  the  closed  eyelids  to  prevent  almost  entirely 
the  access  of  light  to  them,  the  spectrum  of  a bright  object, 
lately  viewed,  will  appear  luminous  surrounded  by  a dark 
ground,  and  when  the  hand  is  again  removed  the  contrary  will 
be  true.  Again,  if  the  eye  be  considerably  fatigued  by  looking 
at  the  setting  sun,  or  even  at  a window  with  a bright  sky  beyond 
it,  or  at  any  very  bright  object,  on  then  shutting  it,  the  lately 
contemplated  forms  will  be  perceived,  fii’st  of  one  vivid  colour, 
and  then  of  another,  until  perhaps  all  the  primary  colours  have 
passed  in  review.  These  extraordinary  facts  prove  that  the  sen- 
sations of  light  and  colour,  although  excitable  by  light,  are  also 
producible  without  it.  This  truth  gave  occasion  to  Darwin’s 
theory,  that  the  sensation  of  any  particular  colour,  as  red,  for 
instance,  is  dependent  upon  a certain  state  of  contraction  of 
minute  fibres  in  the  retina, — and  that  the  fibres,  when  fatigued 
in  that  condition,  seek  relief  when  at  liberty,  by  throwing  them- 
selves'into  an  opppsite  state, — as  a man  whose  back  is  fatigued 
by  bending  forward,  relieves  himself  not  by  merely  standing 
erect,  but  by  bending  the  spine  backwards.  It  is  noticeable  that 
the  colours  which  thus  appear  opposites  to  each  other  in  kind, 
are  those  nearly  which  when  the  solar  spectrum  produced  by  a 
prism,  as  described  a few  pages  back,  is  painted  round  a wheel, 
are  opposite  to  each  other  in  place. 

1074.  There  are  persons  who,  although  having  distinct  per- 
ceptions of  form  and  of  light  and  shade,  have  not  the  power  of 
clearly  distinguishing  colours.  It  is  common  for  such  persons, 
of  whom  Dalton,  the  eminent  chemist,  was  one,  to  deem  red  and 
green,  which  are  naturally  opposites,  the  same  colour,  and  there- 
fore not  to  distinguish  difference  of  colour  in  a red  -berry  and  the 
leaves  around  it. 
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“ The  mind  judges  of  external  objects  by  the  relative  size,  bright- 
ness, colour,  ^c.,  of  the  minute  but  perfect  images  or  jpic- 
tures  of  them  formed  at  the  bach  of  the  eye  on  the  expansion 
of  nerve  called  the  retina  ; and  the  art  of  the  painter  is 
successful  in  proportion  as  it  produces  on  a larger  scale 
such  a picture,  which  when  afterwards  held  before  the  eye 
to  reproduce  itself  in  miniature  upon  the  retina,  may  excite 
nearly  the  same  impression  as  the  original  object."  (Kead 
the  Analysis,  page  497.) 

1075.  We  now  understand  how  an  exact  miniature  resem- 
blance of  the  objects  before  us  is  produced  upon  the  retina  of  the 
eye,  by  the  light  from  them  refracted  in  passing  through  the  dif- 
ferent parts  of  the  eye  ; but  after  all,  this  is  only  a picture,  and 
the  inquuy  remains — which  many  persons  would  suppose  so 
simple  as  to  be  trivial,  but  which  is  in  reality  very  curious  and 
important — how  are  we  thereby  enabled  to  judge  of  the  magni- 
tudes, distances,  and  other  particulars  respecting  the  things  ex- 
amined. Here  it  will  be  found,  to  the  surprise  of  persons  first 
entering  upon  the  study,  that  we  learn  the  meaning  of  a scene 
or  of  pictorial  signs  only  gradually,  as  we  do  of  any  other  system 
of  signs,  and  that  a person  whose  eyes,  although  perfect,  had 
been  kept  covered  from  infancy  up  to  maturity,  would  no  more 
“ see  ” and  understand  any  scene  on  which  he  first'opened  his 
eyes,  and  so  had  a perfect  picture  of  it  on  his  retina,  than  a child 
understands  or  can  read  a printed  page,  when  he  first  looks  into 
a book.  Highly  interesting  information  has  been  obtained  on 
this  subject,  by  observing  the  facts  where  an  obstmction  from 
birth  has,  by  surgical  operation,  been  suddenly  removed  in  per- 
sons arrived  at  maturity. 

If  a man  were  placed  from  infancy  in  an  apartment  fitted  up 
as  a camera  obscura,  and  had  no  means  of  becoming  acquainted 
with  the  external  world,  but  by  watching  the  images  appearing 
from  time  to -time  upon  the  screen,  he  could  learn  scarcely  any- 
tliing  of  objects  around  him  ; but  if  after  a time  he  were  allowed 
to  walk  out,  and  to  examine  by  the  touch  and  by  measurement 
the  different  objects  whose  images  he  had  been  in  the  habit  of 
viewing,  and  .to  ascertain  what  size,  shape,  and  distance  of  an 
object  corresponded  with  a certain  magnitude,  form,  position, 
and  brightness  of  image,  the  transient  imagery  might  at  last  be 
to  him  a tolerably  clear  indication  of  the  real  particulars; 
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malting  him  in  imagination  present  to  the  objects,  nearly  as  if 
he  went  ont  and  examined  them  \vith  his  hands.  Thus,  in  a 
degree,  the  mind  may  be  considered  as  stationed  in  or  near  the 
little  camera  obscura  of  the  eye,  from  whence  it  cannot  itself 
escape  to  examine  external  nature,  but  must  learn  the  meaning 
of  the  images  formed  on  the  retina,  through  the  services  of  the 
bodily  members,  and  the  other  organs  of  sense,  examining  the 
realities.  The  judging  of  things  by  sight,  then,  is  merely  the 
interpreting  one  set  of  signs,  as  judging  by  sounds  or  language  is 
interpreting  another,  and  judging  by  hieroglyphics  or  any  written 
characters  is  intei’preting  a third.  The  common  visual  signs  on 
the  retina,  however,  are  among  signs  the  most  easily  learned  or 
-understood,  from  having  certain  fixed  relations  in  form,  magni- 
tude, and  position  to  the  things  signified:  while  words,  hierogly- 
phics, and  written  characters  are  quite  arbitrary,  and  have  no 
such  relations. 


Pictorial  Bejpreseniation  and  Perspective. 

1076.  Bodies,  as  visible  objects,  differ  and  are  distinguished 
among  themselves  chiefly  by  their  comparative  dimensions,  that 
is,  their  form  and  magnitude,  or  shape  and  size  ; and  to  ascertain 
these  and  the  relative  distances  and  positions,  are  the  great  ob- 
jects which,  by  means  of  the  eyes,  the  mind  seeks  to  accomplish. 
It  effects  its  ends  by  considering  collectively. 

1st.  The  space  and  place  occupied  by  objects  in  the  field  of 
view,  measured  by  what  is  called  the  visual  angle. 

2nd.  The  intensity  of  light,  shade,  and  colour. 

3rd.  The  divergence  of  the  rays  of  light  entering  the  eye. 

4th.  The  convergence  of  the  axes  of  the  eyes  vieiving  an  object. 

We  shaU  treat  of  these  particulars  separately  in  the  order  now 
stated.  It  will  facilitate  the  understanding  of  this  part  to  read 
first  the  sketch  of  popular  mathematics  in  the  Appendix  of  the 
volume. 

1st.  The  space  and  place  occupied  in  the  field  of  view,  meoLsured 
by  the  visual  angle. 

^ 1077.  The  iexm.  field  of  view  is  used  to  designate  that  open  or 
visible  space  before  the  eyes,  in  which  objects  are  seen ; and  it 
may  mean  either  the  smaller  field  visible  in  one  position  of  the 
person’s  head,  or  that  which  is  commanded  on  directing  them  all 
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round,  and  is  called  sphere  of  vision.  If  a man,  as  at  e,  were  sur- 
rounded by  a globe  or  sphere  of  glass  as  a,  through  which  his 
eye  placed  at  the  centre  might  view  the  several  objects  around 
occu]3ying  certain  situations  and  certain  proportions  of  the  cir- 
cumference ; and  if  the  globe  had  any  equal  divisions  or  degrees 
marked  upon  it  all  around,  like  the  lines  marking,  on  a library 
globe,  tlie  degrees  of  longitude  and  latitude,  he  would  be  able  at 
once  to  say  exactly  what  portion  of  his  sphere  or  field  of  view 
was  shadowed  or  occupied  by  any  single  object,  as  the  cross  here 
shown  at  i,  and  thus  to  describe  very  intelligibly,  either  for  his 
own  recollection,  or  to  inform  others,  its  relative  magnitude  and 


situation  as  then  appearing  to  him.  For  example,  he  might  say, 
on  looking  at  a tree  in  the  garden  through  a common  window 
(which  is  a portion  of  the  field  of  view  really  divided  by  the  cross 
bars),  whether  he  saw  the  whole  tree  through  one  pane  or  through 
several,  and  through  which  pane  or  panes  he  saw  it.  It  may  be 
remarked  farther,  that  whether  the  supposed  sphere  of  glass  were 
large  or  small,  viz.,  were  as  indicated  at  a,  or  h,  or  c,  the  part  of 
its  surface  apparently  occupied  by  any  object  either  beyond  it  or 
within  it,  would  bear  the  same  proportion  to  the  whole  siu-face  ; 
— if  a d were  a tenth  of  the  small  circle  or  globe,  c g would  be  a 
tenth  of  a larger.  Now  as  it  has  been  found  convenient  to  con- 
sider a circle  (and  every  circle)  as  divisible  into  360  parts,  to  be 
called  degrees  (which  are  smaller  therefore  in  a small  circle  than 
in  a large  circle,  although  in  each  having  the  same  relation  to 
the  whole),  the  ready  mode  of  comparing  the  apparent  magnitude 
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of  objects  is  to  say  bow  many  of  these  degrees  of  the  field  of  view, 
in  length  or  breadth,  each  object  occupies : and  this  is  what  is 
meant  by  the  apparent  size  of  an  object.  Then  becaiise  the  most 
convenient  way  of  measuring  a portion  of  a circle,  of  which  the 
whole  is  not  seen,  is  to  measure  by  a fit  instrument  the  angle  or 
comer  formed  at  its  centre  by  lines  drawn  from  the  extremities 
of  the  portion  to  the  centre, — as  here  the  angle  at  e formed  by 
the  lines  c e and  g e,  the  object  is  said  either  to  occupy  a certain 
number  of  degrees  of  the  circumference  of  the  circle,  or  to  sub- 
tend an  angle  of  the  same  number  of  degrees  at  its  centre,  and 
this  angle  is  called  the  vmtal  angle,  the  subject  of  our  present 
observations. 

1078.  It  is  important  to  advert  here  to  the  difference  between 
the  length  of  line  which  measures  the  height  or  breadth  of  an 
object,  and  the  amount  of  surface  or  space  occupied  by  it  in  the 
field  of  view,  the  latter  being  always  as  the  square  of  the  former 
(see  Art.  26).  A single  jiane  of  glass  one  foot  high  and  one 
foot  broad  fonns  a small  window,  but  a window  two  feet  high 
and  broad  has  four  such  panes,  and  a window  of  ten  feet  borders 
has  100  such.  The  full  moon  in  the  sky  has  breadth,  or  visual 
angle  of  nearly  half  a degree  of  the  celestial  vault ; a moon 
twice  as  broad  wonld  have  four  times  the  surface.  In  the  adjoin- 
ing diagram  of  the  field  of  view,  the  figures  of  the  cross  span 
about  30  degrees  of  the  circles,  and  the  cross  itself  is  made 
curved  to  coincide  with  the  circle  ; but  for  small  angles  the  por- 
tions of  the  circle  included  between  the  bounding  lines  being  so 
short  are  regarded  as  straight  lines  without  leading  to  error.  The 
adjoining  figure  illustrates  several  of  the  matters  here  referred 
to. 

1079.  The  visual  angle,  in  regard  to  any  object,  being  that  in- 
cluded between  the  two  lines  or  rays,  as  a w and  d i,  which  pass 
from  the  extreme  points  of  the  object,  a d,  for  instance,  to  form 
the  extremes  of  the  corresponding  image  on  the  retina  at  i u ; it  is 


evident,  as  shown  also  in  Art.  1049,  that  the  same  angle  is  formed 
by  the  rays  on  each  side  of  the  lens,  and  that  the  image  on  the 
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retina  is  less  than  the  external  object  in  exact  propoi’tion  as  its 
distance  from  the  centre  of  the  lens  is  less  than  that  of  the  object. 
It  follows  also,  therefore,  that  the  small  cross  h cl  produces  the 
same  sized  image  on  the  retina  as  the  cross  e e,  which  is  twice  as 
large,  but  twice  as  distant ; and  that  an  image  only  half  as  large 
as  that  from  the  cross  a cl,  when  near,  is  produced  by  a similar 
cross  e e when  twice  as  far  removed.  The  visual  angle  then 
becomes  an  exact  indication  of  the  size  of  the  object  when  the 
distance  is  known,  or  of  the  distance  when  the  size  is  known. 

Many  familiar  facts  receive  their  explanation  from  the  law  of 
the  visual  angle  or  apparent  size  being  less  always  in  proportion 
as  the  distance  of  an  object  is  greater. 

1080.  A man  (or  the  cross  here  substituted  for  simplicity)  at 
d,  standing  near  the  outside  of  a window,  h c (here  supposed  to 
be  seen  edgeways),  may  to  the  eye  of  a spectator  within  the  win- 
dow at  h,  subtend  the  same  visual  angle,  or  appear  as  taU  as  the 
window,  the  light  from  the  man’s  head  passing  through  the  top 
of  the  window,  and  that  from  his  feet  passing  through  the  bot- 
tom : but  if  the  man  then 
move  away  from  the  win- 
dow, the  eye  of  the  spec- 
tator will  be  able  to  see 
his  w'hole  body  through  a 
smaller  and  a smaller  ex- 
tent of  the  window,  as  his  distance  increases ; through  half  its 
height  or  a c,  when  he  is  twice  as  distant,  or  at/,  and  through  the 
third  or  o c,  when  he  shall  be  three  times  as  distant,  or  at  g, 
and  so  forth,  for  any  other  distance ; so  that  soon  a small  figure 
of  a man  cut  in  paper,  if  applied  upon  the  glass,  would  exactly 
cover  the  part  of  it  through  which  the  light  from  his  body 
entered  to  the  spectator’s  eye,  and  would  then,  by  completely 
hiding  him  from  view,  be  an  exact  measure  of  his  apparent  size : 
at  last  a fly  passing  over  the  pane  might  equally  hide  him,  and 
the  fly  then  would  subtend  a larger  visual  angle  than  he  does, 
that  is,  would  be  forming  on  the  retina  a larger  image  than  the 
man.  Thus  it  may  happen,  that  a person  sitting  near  a window, 
and  intent  upon  some  subject  of  study  or  of  conversation,  may 
for  an  instant  mistake  a fly  on  the  glass  for  a man  at  a distance ; 

or,  on  the  contrary,  a man  for  a fly. 

1081.  In  accordance  with  the  principle  now  explained,  a 
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telescope  has  been  constructed,  in  Avliicli  tlie  field  of  view  is 
divided  by  fine  cross  wires,  or  otherwise,  so  that  the  person  using 
it  can  say  at  once  how  much  of  its  field  any  object  occiipies. 
When  ships  are  in  chase,  it  is  common  by  such  an  instrument, 
which  Avill  detect  a change  of  visual  angle,  or  apparent  size,  to 
view  the  fleeing  or  pursuing  ship ; and  if  the  apparent  size  be 
observed  to  increase,  the  conclusion  follows  that  the  ships  are 
nearing  each  other  ; if,  on  the  contrary,  the  size  diminishes,  the 
chased  ship  is  escaping. 

1082.  ’By  computation  according  to  thi^  rule,  Avhenever  the 
real  size  of  a distant  object  is  known,  the  distance  is  ascertain- 
able, and,  vice  versa,  when  the  distance  is  knoAvn  the  size  is 
determinable  : — for  it  is  evident  that  if  a body,  as  a ship,  known 
to  be  100  feet  tall,  occupy  or  subtend  in  the  fleld  of  vision  the 
360th  part  of  a Avhole  circle,  or  one  degree,  the  whole  circle 
must  be  in  circumference  360  times  100  feet,  or  36,000 ; and 
the  diameter  of  any  circle  being  or  more  nearly  of  its 
circumference,  Avhile  in  the  case  supposed  the  distance  of  the 
ship  is  the  half-diameter,  we  Team  that  distance.  Again,  if  we 
know  the  distance  of  a shij)  or  other  object  to  be  a mile,  and  if 
we  then  find  the  visual  angle  subtended  by  the  object  to  be  the 
1,000th  part  of  a circle,  we  know  its  true  size  to  be  the  1,000th 
part  of  a circle,  of  which  the  half  diameter  or  radius  is  one  mile. 
It  is  by  applying  this  rule  in  a manner  to  be  afterwards  ex- 
jflained,  that  the  size  of  the  heavenly  bodies  is  determined. 

1083.  Few  persons  are  aware  of  how  rapidly  the  apparent 
magnitude  of  an  object  diminishes  on  its  being  removed  farther 
from  the  eye.  A remove  of  a hundred  feet  renders  the  image 
formed  on  the  retina  by  any  object  nearly  100  times  smaller 
than  when  the  distance  is  one  foot.  Now,  in  the  unaided  human 
eye,  the  power  of  seeing  minute  objects  has  a limit,  namely, 
AA'hen  the  object  subtends  in  the  field  of  view,  an  angle  of 
space  of  less  than  half  a minute.  (See  the  Mathematical  Appen- 
dix). There  are  many  kinds  of  minute  animals  thus  hidden 
from  common  unaided  vision,  OAving  to  their  small  size,  but 
Avhicli  the  microscope  clearly  shoAvs,  and  proves  them  by  tlieir 
activities,  to  see  one  another  as  larger  animals  do.  It  has  been 
common  to  believe  that  mere  distance  prevents  the  eyes  from 
seeing  minute-  things  someAvhat  as  a fog  or  other  such  obstacle 
does,  and  not  because  of  the  small  size  of  the  images  then 
formed  on  the  retina. 

• 1084.  We  now  perceive  that  if  the  rays  of  light  coming  to 
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the  eye  through  a plate  of  glass  set  in  a picture-frame,  from 
objects  seen  beyond  it,  could  leave  marks  in  the  glass  at  the 
points  where  they  pass,  and  marks  capable  of  giving  out  the 
same  kind  of  light  as  the  objects  give,  there  would  be  formed 
ujoon  the  glass  such  a representation  or  picture  of  the  objects 
viewed  through  it,  that  when  hold  before  the  eye,  it  would  pro- 
duce on  the  retina  an  image  or  images  the  same  in  almost  all 
respects  as  the  objects  themselves.  From  the  different  points  of 
the  glass,  light  would  shoot  to  the  eye  of  the  same  kinds  and  in 
the  very  same  dir(?ctions  as-  that  originally  coming  from  the 
objects.  Now  the  art  of  paintiug  seeks  so  to  dispose  lights, 
shades,  and  colours  on  some  plane  surface,  as  to  produce  the 
sort  of  representation  of  objects  here  contemplated,  while  the 
picture-frame  stands  in  * lieu  of  the  window-frame,  or  border  of 
any  opening  through  which  the  true  scene  is  supposed  to  be 
viewed.  It  is  admirable  how  perfectly  this  art  now  accomplishes 
its  ends ; and  although  there  are  still  differences  between  the 
effect  upon  the  eye,  of  a pictur^  and  of  the  realities, — which 
differences  we  shall  consider  presently,  and  how  they  may  be 
combated  so  as  to  render  the  illusion  almost  perfect, — it  is  not 
one  of  them,  as  might  be  supposed  from  the  small  extent  of  the 
canvas,  or  plane  of  the  pictiu-e,  that  the  images  made  on  the 
retina  are  smaller  than  when  produced  by  the  objects  them- 
selves. Few  people,  before  studying  this  subject,  are  aware 
that  in  good  pictures  the  different  figures  are  in  size  made  such, 
that  at  the  distance  from  the  eye  at  which  the  picture  is  meant 
to  be  viewed,  they  produce  on  the  retina  the  very  same  size  of 
image  as  would  be  produced  by  the  realities  seen  under  the 
aspect  represented  in  the  picture.  To  become  sensible  of  this, 
a person  may  look  through  a window-pane,  having  the  eye  fixed, 
at  the  distance  of  a foot  from  it,  and  may  trace  with  a shai’p 
point  or  pencil  upon  the  glass  (previously  coated  with  gum), 
the  outline  of  the  scene  beyond,  perhaps  a street  or  garden — 
and  he  will  find,  that  the  outline  of  a man  seen  there  at  the 
distance  of  thirty  paces,  made  perfectly,  to  coincide  with  the 
person,  so  that,  if  opaque,  it  would  just  hide  the  person,  wiU  be 
scarcely  half  an  inch  tall,  while  the  figau-e  of  a man  a few 
hundred  paces  off  will  be  so  small  that  the  eyes,  nose,  and 
other  features,  could  not  be  distinguished,  even  if  they  could 
be_drawn. 

1085.  It  is  remarkable  that,  although  no  fact  in  natiue  is  more 
familiarly  known  to  all,  than  that  the  apparent  size  of  bodies  i? 
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constantly  changing  to  a person  moving  about  among  tbem,  as 
explained  in  the  preceding  paragraphs,  few  have  stated  to  them- 
selves that  philosophical  truth.  They  soon  learn,  even  as  children,  . 
to  make  the  necessary  allowances,  and  move  about  safely  among 
the  things  around  them,  judging  correctly  enough  of  sizes  and 
positions  of  things.  Then,  as  a person  who  reads  the  description 
of  an  elephant,  does  not  deem  the  animal  larger  or  smaller  be- 
cause of  the  size  of  the  types  used  in  the  printing,  or  of  the 
accompanying  engraved  representation ; and  as  a man,  in  a 
picture-gallery,  viewing  miniatiires  and  larger  portraits,  does 
not  conceive  of  the  originals  according  to  the  size  of  the  rej)re- 
sentations  ; and  as  a man  viewing  a correctly-executed  picture 
of  a Grecian  temple,  never  dreams,  unless  his  attention  be  spe- 
cially directed  to  the  fact,  that  upon  the  canvas,  the  distant 
pillars  of  the  rows  are  drawn  much  shorter  than  the  near  ones — 
the  mind  in  all  such  cases  merely  using  the  signs  to  help  it  to 
conceive  of  the  things  according  to  previous  knowledge,  or  to 
other  principles  of  judging  ; — so  in  any  common  case  of  examin- 
ing by  the  eyes,  tlie  mind  takes  small  account  of  the  apparent 
size  of  objects,  but  passes  instantly  from  the  types  to  the  realities, 
already  in  general  more  or  less  known.  Few  persons,  for  in- 
stance, reflect  on  tlie  fact,  that  when  two  friends  shake  hands, 
each  appears  to  the  mere  eye  of  the  other  much  taller  than  when 
either  has  gone  some  paces  away ; or  that  one  chair  of  a set,  at 
the  end  of  a room  appears  to  a person  sitting  at  the  other,  only 
half  as  large  as  a chair  in  the  middle  of  the  room.  But  such 
facts  may  be  immediately  proved  by  looking  through  a tube  or 
a ring  at  the  same  object  when  placed  at  different  distances  from 
the  eye.  Of  a chair  standing  near,  only  a small  part  will  be 
visible  through  the  tube,  while  of  a distant  chair,  the  whole  and 
others  around  may  be  seen.  At  a few  miles  distance,  a fleet  of 
a hundred  ships,  or  a mountain,  may  be  seen,  through  a finger 
ring  as  the  picture-frame.  ‘ There  are  occasions,  however,  where 
previous  knowledge  and  common  collateral  helps  to  the  recog- 
nition of  objects  being  wanting,  the  observer’s  attention  is 
strongly  aroused  to  the  fact  of  the  diminutive  appearance  pro- 
duced by  their  distance : — for  instance,  when  a man,  after  a long 
sea  voyage,  first  approaches  a land,  of  which  the  features  are 
new  to  him,  as  when  a European  first  arrives  on  an  Indian  coast, 
he  can  scarcely  believe  that  the  little  specks  which  he  sees  scat- 
tered along  the  shore  are  spacious  dwellings,  or  that  what  seem  to 
him  only  luxm-iant  herbs  or  bushes,  are  magnificent  palm-trees. 
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1086.  For  the  same  reason  that  a distant  body  to  the  naked 
eye  appears  diminutive,  namely,  the  smallness  of  the  visual 
angle  subtended  by  it,  so  does  a distant  motion  to  the  eye  appear 
slow.  A railway  train  dashing  past  a spectator  at  rest,  may 
startle,  nay,  appal  him  by  its  speed  ; but  if  viewed,  at  the  same 
time,  by  another  from  the  side  of  a distant  hill,  it  seems  to  be 
gliding  gently  along.  A ship  driven  before  a tempest,  seems  to 
a sailor  on  board  almost  to  fly  through  the  white  foam  whicli 
surrounds  her ; but  if  then  seen  by  a spectator  on  shore,  she  is 
scarcely  perceived  to  change  her  place.  A balloon  high  in  the 
air,  borne  along  on  the  wings  of  the  wind,  at  the  rate  of  seventy 
or  eighty  miles  an  hour,  may  still  for  a considerable  time  leave 
a spectator  on  earth  doubtful  as  to  whether  it  be  in  motion  at  all, 
or  in  what  direction  it  moves.  The  moon  in  her  orbit  wheels 
round  the  earth  at  the  rate  of  hundreds  of  miles  an  hour,  yet, 
owing  to  her  distance  from  it,  her  motion  is  not  visible  to  the 
naked  eye  of  the  inhabitants  of  the  earth,  except  by  comparing 
her  positions  at  considerable  intervals  of  time.  In  respect  to 
bodies  still  more  distant  than  the  moon,  the  truth  at  present 
under  consideration  is  still  more  striking. 

Having  now  explained  how  the  apparent  transverse  measure 
or  breadth  of  bodies  and  of  space,  in  other  words,  the  visual 
angle  snbtended  by  them,  is  affected  by  their  distance  from  the 
eye,  we  proceed  to  show  how  it  is  affected  also  by  their  position. 

10S7.  Because  light  moves  in  straight  lines,  no  part  nf  an 
opaque  body  can  be  seen,  between  which  and  the  eye  there  is  not 
straight  open  space.  A globe  before  the  eye,  however  turned, 
preserves  the  same  appearance  in  the  field  of  view,  and  its  out- 
line traced  upon  a plate  of  glass  held  across  between  it  and  the 
eye,  is,  like  its  direct  shadow  uj)on  a wall,  always  a circle ; but  an 
egg,  which  if  held  in  one  position  produces  a circular  outline  or 
image,  when  held  in  another,  produces  an  image  which  is  oval. 
A wheel  when  viewed  sideways  appears  a perfect  circle,  when 
viewed  edgeways  it  appears  a broad  straight  band  or  line,  and  in 
any  intermediate  position  it  appears  oval.  The  apparent  form 
of  a body  then  may  give  only  partial  information  as  to  its  shape, 
to  be  taken  with  the  experience  of  seeing  it  in  other  aspects.  If 
a man  had  never  seen  an  egg  but  endways,  he  could  not  have 
known  that  it  was  not  a sphere. 

If  any  long  straight  object,  as  a wooden  beam,  be  placed  with 
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one  of  its  ends  directly  to  the  eye,  that  end  only  can  be  seen, 
and  according  to  the  case  may  appear  a square  or  circle  of  the 
diameter  of  the  beam  ; if  it  then  be  placed  with  its  side  directly 
to  the  eye,  its  whole  length  will  be  seen  ; and  if  placed  in  any 
intermediate  position,  it  will  appear  more  or  less  shortened in 
all  cases,  its  outline  on  the  retina  being  similar  to  that  of  its 
shadow  on  a wall  behind  the  person.  A man  has  advanced  on  the 
point  of  a spear  turned  directly  to  his  eye  without  seeing  it,  or 
on  the  end  of  a bar  of  iron  carried  on  the  shoulder  of  a porter  in 
the  street.  A common  telescope  held  with  its  end  to  the  eye 
appears  a perfect  circle,  if  then  inclined  a little,  it  seems  to  jut 
out  on  one  side,  and  as  the  inclination  is  increased,  it  juts  out 
more  and  more,  until  it  displays  its  whole  length.  A great  ship 
of  war,  of  which  the  stern  is  towards  a near  spectator,  might 
appear  to  him  a round  wooden  building  with  ordinary  windows ; 
but  as  it  turns,  or  as  the  spectator  moves  to  one  side,  it  gTadually 
reveals  the  long  batteries  of  cannon.  A straight  row  of  a thou- 
sand similar  objects,  as  of  trees,  pillars,  soldiers  in  rank,  &c., 
may  appear  to  a person  at  the  extremity  as  only  one  object  of 
the  kind,  the  nearest  individual  comjDletely  hiding  all  the  others ; 
but  if  viewed  from  the  side  and  at  a certain  distance,  the  indi- 
viduals may  be  counted. 

The  appearances  now  treated  of  exemplify  what  is  called /ore- 
sliortening,  and  are  to  be  noted  wherever  surfaces  or  lines  are 
not  placed  so  as  directly  to  face  the  sjDectator. 

1088.  One  of  the  commonest  cases  of  foreshortening  is  when 
the  eye  looks  more  or  less  obliquely  along  an  extended  plane 
surface,  on  the  ground,  for  instance,  or  on  the  face  of  the  sea,  by 
estimating  aright  the  foreshortening  of  which,  judgment  is  formed 
of  the  distance  or  situation  of  the  objects  placed  thereon.  And  it 
will  be  readily  perceived  that  in  all  such  cases  the  more  distant 
portions  of  the  surface  are  progressively  more  foreshortened  than 
the  nearer.  Thus,  a man  standing  at  a on  a plain  as  a h,  with 
his  eye  at  c,  if  looking  down  before  him,  looks  on  a portion  of 
the  surface  a d almost 
directly,  or  with  little 
foreshortening,  and  an 
extent,  as  a d,  equal  to 
the  height  of  the  eye, 
will  subtend  in  his  eye 
an  angle  of  45°,  or  half  a right  angle,  viz.,  the  angle  acd,  which 
is  half  of  the  whole  angular  space  subtended  from  his  feet  to 
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tlie  liorizon,  liowever  distant ; the  next  equal  portion  of  the 
plane,  viz.,  cZ/, -vvill  subtend  a much  smaller  angle,  viz.,  dcf,  the 
next,  viz.,  fog,  an  angle  smaller  still,  and  so  on,  as  he  carries 
his  view  more  and  more  forward,  the  surface  becoming  more  and 
more  oblique  to  his  visual  ray,  until  at  last  the  light  rather  sldras 
along  the  level  than  rises.  This  explains  why  a person  having 
a side  view  of  a row  of  separate  objects,  as  of  men  in  line,  trees, 
pillars,  &c.,  can  look  through  or  between  the  nearest  of  them, 
but  towards  the  extremity  sees  them  as  if  standing  in  close  con- 
tact, or  as  if  forming  a continued  surface.  The  same  remark 
explains  why  distinct  masses  of  cloud,  scattered  uniformly  over 
the  sky,  with  wide  intervals  of  clear  blue  between  them,  may 
appear  to  a spectator,  anywhere  on  the  ground,  to  form,  towards 
the  distant  horizon,  a dense  unbroken  bed. 

1089.  If  a man  standing  on  a hill  look  down  upon  a field  or 
plain  which  is  known  to  him,  and  if  he  see  some  objects  near  its 
side,  and  some  near  its  middle,  and  some  near  its  distant  border, 
he  judges  fairly  by  the  angles  how  far  they  are  from  him  and 
from  one  another.  Similarly,  when  viewing  the  ocean  from  a 
lofty  peak,  and  seeing  ships  scattered  over  its  face,  he  judges 
tolerably  of  their  distance,  for  he  can  see  only  a certain  extent 
of  ocean  which  becomes  to  him  as  a known  field.  The  man 
stationed  at  the  flag-staff  on  the  High  Knowl  of  the  island  of 
St.  Helena,  looks  down  upon  a circular  field  of  the  Atlantic  a 
hundred  miles  broad,  and  can  tell  the  distance  of  any  sail  in 
sight,  to  within  a few  miles.  Although  the  ground  plan  of  an 
extensive  landscape  may  not  be  so  level  as  the  face  of  the  ocean, 
there  is  still  an  approximation,  which  considerably  assists  a spec- 
tator’s judgment  of  dimensions. 

1090.  Painters  are  careful  not  only  to  foreshorten,  according 
to  the  proportions  explained  above,  all  the  objects  seen  obliquely 
which  they  portray,  but  they  avail  themselves  of  the  principle 
to  produce  very  striking  effects.  For  instance,  the  accomplished 
Martin,  the  painter  of  Belshazzar’s  Feast,  in  many  of  his  beauti- 
ful designs,  by  judicious  foreshortening,  exhibited  miles  in  extent 
of  gorgeous  architectme  and  of  armed  men,  on  a very  small 
extent  of  canvas : he  made  a single  magnificent  pillar  or  ac- 
coutred warrior  in  the  foreground,  serve  as  the  type  which  first 
Avarmed  the  mind  with  admiration,  and  then  sent  the  conception 
along  retiring  lines  of  beautiful  perspective,  Avliere  every  tip  or 
edge  reneAved  the  first  impression.  A man  lying  on  a high  table 
or  bed,  with  his  feet  toAvards  the  spectator,  is  foreshortened  into 
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a ronnclish  heap,  of  wliicli  tlie  soles  of  the  feet  hide  the  greater 
part.  This  is  the  description  of  the  painting  ■svliich  was  called 
the  “ Miraculous  Entombment,’^  in  viewing  which  an  unreflect- 
ing spectator,  Avhile  moving  sideways,  with  the  expectation  of 
seeing  more  of  the  body,  still  saw  only  the  soles  of  the  feet,  and 
could  suppose  the  body  to  be  turning  round  so  as  to  keep  the 
feet  towards  him.  For  nearly  the  same  reason,  the  eyes  of  a 
common  full-face  portrait  may  seem  to  follow  a spectator  while 
going  to  different  parts  of  the  room, — for  by  moving  to  a side  of 
the  picture  he  cannot  see  the  side  of  the  eye-balls.  It  is  related 
of  a murderer,  that  he  vas  impelled  at  last  to  commit  suicide  by 
observing  that  the  eyes  of  the  portrait  of  his  victim  were  always 
fixed  upon  him.  A rifleman  portrayed  as  if  taking  aim  directly 
in  front  of  the  picture,  appears  to  every  spectator  to  be  pointing 
at  him  specially. 

1091.  As  the  painter,  availing  himself  of  a knowledge  of  the 
jirinciples  now  exjflained,  by  which  the  eye  usually  judges  of  size 
and  distance,  may  jjroduce  on  his  canvas  charming  illusions,  so 
may  the  tasteful  proprietor  of  ornamental  gardens  and  plea- 
sui'e-grounds,  by  working  his  solid  levels  into  artificial  undulation 
of  hill  and  dale,  and  clothing  these  Avith  tree  and  edifice  of  mag- 
nitudes to  correspond — make  the  eye  of  a spectator  contemplate 
supposed  extensive  plains,  lofty  mountains,  spacious  lakes,  and  dis- 
tant pagodas — all  within  the  narroAV  space  of  a few  acres ; so,  by 
another  set  of  means,  producing  on  the  eyes  of  observers  nearly 
the  same  impressions  as  Claude,  Poussin,  or  Turner,  have  given 
by  their  noble  pictures. 

1092.  A^Tien  the  representation  of  any  object  or  mass  of 
objects  is  foreshortened,  because  one  part  has  to  appear  farther 
from  the  eye  than  another,  that  part  is  made  in  a proportion 
smaller  than  equal  parts  nearer.  For  example,  in  a straight 
row  of  similar  houses,  pillars,  trees,  &c.  (see  the  next  cut),  those 
nearest  to  the  eye  will,  on  a pane  held  before  the  eye  to  receive 
their  light,  occupy  the  larger  space,  and  there  will  be  a gradual 
diminution  from  the  largest  to  the  least,  so  that  lines  drawn 
upon  the  glass  along  the  tops  and  bottoms  of  the  images  would 
tend  to  a point,  called,  for  a reason  to  be  explained  below,  the 
vanishing  point.  Thus  a person  looking  from  a window  along  a 
straight  street,  must,  to  see  the  chimneys  of  the  nearest  house, 
look  through  the  top  of  the  Avindow,  and  to  see  the  street-door 
must  look  through  the  bottom ; but  the  most  distant  house, 
both  top  and  bottom,  is  to  be  seen  through  a small  extent  of 
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the  glass  level  ■with  the  height  of  the  eye.  This  remarkable 
taj)ering  of  foreshortened  objects  may  of  co'urse  be  strikingly 
observed  on  looking  at  any  correctly-made  drawing  or  engraving 
meant  to  represent  a retiring  row  of  similar  objects ; — such 
drawing  being,  in  truth,  an  attempt  to  realize  by  art,  on  the 
surface  of  a sheet  of  paper,  the  appearance  of  the  objects  as 
seen  through  a window  or  aperture  of  the  size  of  the  paper ; or, 
as  Avould  be  seen  on  the  glass  of  a window  if  rays  of  light  could 
leave  marks  in  passing. 

The  art  which  gives  rules  for  tracing  objects  on  a plane 
surface,  as  they  would  appear  to  an  eye  looking  at  them 
through  that  surface  if  transparent,  with  their  various  degrees, 
first,  of  apparent  diminution,  on  account  of  distance,  and, 
secondly,  of  foreshortening,  on  account  of  the  obliquity  of  view, 
is  called,  from  the  Latin  word  signifying  to  look  through,  the 
art  of  perspective.  It  regards  chiefly  the  two  particulars  now 
mentioned ; and,  notwithstanding  the  terror  with  which,  in  the 
imagination  of  many  young  painters,  the  study  of  it  is  clothed, 
by  reason  of  the  mathematical  difficulties  with  which  it  has 
usually  been  mixed  up,  it  is  in  itself  simple.  A student  can 
scarcely  make  a more  instructive  experiment  than  to  take  a 
framed  drawing  or  engraving  of  a view  from  some  window,  and 
having  set  it  up  near  the  window,  to  place  by  its  side  an  empty 
frame  of  the  same  size.  By  then  comparing  the  reality,  viewed 
as  a picture,  through  thq  empty  frame,  with  the  true  picture 
fixed  in  the  other,  their  perfect  accordance  becomes  very  striking 
in  regard  to  the  sizes,  positions,  and  shadings  of  the  parts,  all 
illustrating  the  rules  of  perspective.  Although,  without  a 
knowledge  of  these  rules,  a quick  eye  soon  enables  its  possessor 
to  sketch  from  nature  with  much  truth ; and  although  the  two 
instruments,  the  camera  dbscura,  already  described,  and  camera 
lucida,  to  be  described  in  a future  page,  give  almost  mathe- 
matical accuracy  to  drawings  made  with  their  help,  without 
requiring  other  skill  in  the  draughtsman  than  to  trace  and 
make  permanent,  with  ink  or  jiencil,  the  lines  of  light  wffiich  he 
sees  on  the  paper ; still  the  subject  is  so  interesting  to  all  wdio 
attempt  to  sketch,  and,  indeed,  to  all  w'ho  wish  to  look  intelli- 
gently either  at  nature  or  at  wnrks  of  art,  that  none  who  have 
the  opportunity  of  studying  it  should  neglect  the  study. 

1093.  Supposing  straight  row^s  of  similar  objects,  as  of  the 
stone  blocks  or  pillars  or  houses  represented  here  from  a or  h 
to  S,  to  run  directly  south,  and  to  be  viewed  by  a -person 
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stationGcl  £it  fi  ■window  ever  tlio  point  C,  botweeii  find  near 
the  end  of  the  rows  forming  tne  street  f,  d,  then,  because,  as 
already  explained,  objects  to  the  eye  appear  smaller  in  pro- 


portion to  their  increased  distance  from  it,  the  second  block, 
if  twice  as  far  off  as  the  first,  would  appear  only  half  as  large ; 
the  third,  if  three  times  as  far,  would  be  onl^  one-third  as 
large,  and  so  on  to  any  extent,  and  for  any  other  proportions ; 
and  if  the  thousandth  or  any  other  block,  owing  to  its  distance, 
subtended  to  the  eye  an  angle  less  than  the  sixtieth  of  a degree 
of  space  in  the  field  of  view,  it  would  be  altogether  invisible  (as 
explained  in  Art.  1081),  even  if  nothing  intervened  between  it 
and  the  eye.  And  for  the  same  reason  for  which  the  size  of 
the  blocks  would  appear  smaller,  the  distance  between  cor- 
responding or  opposite  blocks  in  the  two  rows  would  appear 
less  and  less,  until  the  rows  would  seem  to  meet.  Then,  where 
the  rows  and  the  blocks  cease  to  be  visible  from  the  minuteness 
of  the  parts  and  distances,  and  from  the  fact  of  the  nearer  ones 
concealing  those  farther  off,  they  are  said  to  have  reached  their 
vanishing  point. — When  a student  of  perspective  has  learned 
what  regards  the  vanishing  point  in  relation  to  sizes,  distances, 
and  positions  of  objects,  he  has  learned  half  of  his  art.  The 
above  cut  is  to  be  considered  as  the  representation  of  a street, 
running  directly  south  to  S,  sketched  from  a window  opposite 
to  its  end  looking  along  its  centre. 

10i)4.  It  is  important  here  to  remark,  that  in  any  case  of  a 
straight  line,  or  a row  of  objects  thus  A^anishiug  from  sight,  as 
hero  the  line  or  row  a S,  in  whatever  direction  it  lies  from  its 
beginning,  whether  east,  west,  north,  or  south,  &c.,  in  that 
direction,  exactly  from  the  eye  of  the  observer,  will  its  remote 
or  vanishing  extremity  disappear.  In  this  sketch  the  row  a S 
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is  supposed  to  run  directly  south ; and,  although  the  eye,  to  see 
the  beginning  or  near  end  of  it,  Avould  have  to  look  towards  the 
left  or  east  end,  and  to  see  the  first  block  of  the  other  row 
would  have  to  look  west,  still  every  successive  pillar  would 
appear  more  and  more  towards  the  south,  and  the  point  in  the 
heavens,  or  in  a picture,  or  in  a transparent  plane  before  the 
eye,  where  the  lines  would  vanish,  would  be  exactly  south  from 
the  eye.  Then,  similarly,  if  there  were  many  rows  of  objects,  as 
of  pillars,  houses,  trees,  &c.,  parallel  to  the  first,  but  c'ohsider- 
ably  apart  from  each  other,  as  the  lines  here  a S,h  S,  d S,  &c., 
still  all  would  vanish,  or  seem  to  terminate  in  the  very  same 
point  of  the  field  of  view.  ^ The  reason  of  this  important  fact 
may  be  thus  again  explained. — Let  us  suppose  a line  drawn 
directly  south  from  the  eye  to  the  point  S,  between  the  parallel 
lines  of  pillars,  houses,  and  trees,  a S,  6 S,  cZ  S,  &c.,  also  point- 
ing directly  south,  and  let  us  suppose  the  two  rows  of  pillars  to 
be  100  feet  apart,  then  evidently  for  the  same  reason  as  the 
space  between  the  top  and  bottom  of  the  piUars,  that  is  to  say, 
their  height,  l)ecomes  apparently  less  and  less  as  their  distance 
from  the  eye  increases,  so  will  the  space  between  each  pillar 
and  its  opposite  in  the  other  row,  or  between  it  and  the  point 
corresponding  to  it  in  the  visual  ray  along  which  the  eye  looks, 
become  apparently  less,  and  therefore  the  lines  of  pillars  really 
and  everywhere  100  feet  apart  from  each  other,  and  50  feet 
from  the  visual  ray,  will  at  a certain  distance  from  the  eye  (viz., 
where  a space  of  50  or  100  feet  is  apparently  reduced  to  a 
point),  appear  to  join,  and  the  three  lines  will  appear  to  meet  in 
that  point,  beyond  which  none  of  them  can  be  visible,  and 
which  is  therefore  the  vanishing  point  of  all. — It  aids  the  con- 
ception of  this  truth  to  suppose  a planet  visible  in  the  exact 
point  of  the  heavens  S,  at  the  moment  of  observation;  then, 
if  the  three  parallel  lines  were  continued  on  to  the  planet,  and 
were  visible  aU  the  way,  they  would  arrive  there  with  the 
interval  between  them  just  as  when  they  left  the  earth ; but  as 
a planet,  although  thousands  of  miles  in  diameter,  owing  to 
its  distance  from  the  earth,  appears  on  earth  only  as  a point, 
much  more  would  two  lines  only  100  feet  apart  be  there  un dis- 
tinguishable in  ]Dlace  by  human  sight.  And  what  is  true  of  a 
space  of  100  feet  between  parallel  lines,  is  equally  true  of  a 
space  of  a mile  or  of  thousands  of  miles.  As  a general  rule, 
therefore,  it  holds,  that  all  lines  really  parallel  among  them- 
selves, when  represented  in  perspective,  tend  towards,  and  if 
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continued,  end  in,  the  same  vanishing  point — which  point  is  the 
situation  where  the  line  terminates,  along  which  the  eye  loots 
when  directed  parallel  to  any  one  of  the  real  lines.  And  this  is 
true  not  only  of  lines  lying  in  the  same  level  or  horizontal 
plane,  such  as  might  be  formed  across  a lake,  but  also  of  lines 
placed  one  above  another,  as  those  running  along  the  tops  and 
bottoms  of  the  pillars  here,  or  along  the  walls,  roofs,  and 
windows  of  the  houses,  or  along  the  roots  and  summits  of  the 
trees,  and  indeed  of  all  lines  in  whatever  situation,  provided 
they  are  parallel  to  one  another,  and  therefore  to  the  visual  ray. 
And  the  truth  holds  equally  with  respect  to  short  lines  which  do 
not  reach  the  vanishing  point,  or  centre  of  the  picture,  as  with 
respect  to  those  which  do.  When  it  is  ascertained  therefore  that 
a line  or  boundary  of  any  natural  or  artificial  object  has  a certain 
inclination  to  the  axis  of  the  picture,  or  to  what  we  have 
described  as  the  principal  visual  ray,  then  also  is  it  known  that 
all  the  parallels  to  that  line  have  their  vanishing  point  in  the 
same  spot  of  the  field  of  view,  and  a line  supposed  to  be  drawn 
from  the  eye  into  space,  or  really  drawn  from  the  eye  to  the 
picture  in  that  direction,  marks  ujDon  the  picture  or  its  plane 
extended,  the  true  vanishing  point  of  such  lines. 

1095.  It  will  now  be  understood  Avhy,  in  a long  arched  tunnel, 
or  a cathedral,  with  many  longitudinal  lines  on  its  floor,  walls, 
roof,  &c.,  aU  such  lines  seen  by  an  eye  looking  along  from  one 
end,  appear  to  converge  to  a point  at  the  other,  like  the  radii 
of  a spider’s  web ; and  why,  similarly,  in  the  representation  of 
the  interior  of  a common  room,  here  sketched  as  viewed  from 
one  end,  all  the  lines  of  the  corners,  tops  and  bottoms  of  win- 
dows, floor,  stripes  on  a 
carpet,  edges  of  tables, 

&c.,  being  in  reality 
parallel  to  one  another, 
tend  to  the  same  vanish- 
ing point  as  V.  The 
appearance  of  the  lines 
in  the  floor  of  this  room 
may  recall  that  of  the 
furrows  in  a ploughed 
field  as  seen  from  one 


end,  when  they  appear  like  the  ribs  of  a fan  spread  out  towards 
the  spectator.  The  same  considerations  will  ex|)lain  the  jflie- 
nomenon  occasionally  observed,  of  two  small  clouds  seen  near 
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to  each  other,  and  almost  motionless  for  a time  in  the  distant 
sky,  but  which  on  approaching  the  spectator  with  the  wind, 
apjiear  gradually  to  enlarge  and  separate,  so  that  one  of  them 
sweeps  past  considerably  to  the  right  hand,  and  the  other  con- 
siderably to  the  left : after  this,  they  again  contract  in  volume, 
and  approximate  as  they  were  when  lirst  observed,  and  at  last 
appear  just  as  small  and  as  close  as  when  first  observed.  Because 
clouds  are  very  mutable  and  uncertain  in  their  forms,  persons 
have  been  led  to  think  all  changes  among  them  of  apparent  form, 
size,  and  place,  to  be  real  changes,  and  not,  as  they  generally  are, 
mere  optical  or  perspective  illusions  from  changing  distance. 

By  far  the  most  important  vanishing  point  in  common  scenes 
is  the  middle  of  the  line  of  the  horizon,  and  in  a picture  pro- 
perly placed  it  is  at  the  exact  height  of  the  eye  of  the  spectator. 
It  is  marked  S in  the  figure  before  the  last,  and  V in  the  last 
figure.  Because  in  houses,  the  roofs,  foundations,  floors,  win- 
dows, tables,  and  other  furniture,  &c.,  are  nearly  all  horizontal, 
the  vanishing  points  of  their  principal  lines  and  surfaces  must 
be  somewhere  in  the  horizon,  and  for  most  of  them,  near  the 
middle  of  the  picture.  In  holding  up  a picture-frame,  through 
which  to  view  a scene  suitable  for  a picture,  it  is  found  most 
generally  befitting  to  cause  the  line  of  the  horizon  to  cross  the 
frame  at  about  one-third  from  the  bottom  of  it : — this  fact  be- 
comes the  reason  of  the  rule  in  painting,  so  to  place  the  hori- 
zontal line  of  the  picture.  In  beginning  a picture,  this  line  is 
usually  the  first  line  drawn  on  the  canvas,  as  marking  the  place 
of  the  vanishing  points  of  all  level  lines  and  surfaces.  And  the 
eye  of  the  spectator  is  supposed  to  be  j^laced  before  the  middle 
of  it,  and  generally  about  as  far  from  the  picture  as  the  picture 
itself  is  long,  such  being  the  extent  of  view  which  the  eye  at  one 
time  most  conveniently  commands. 

Understanding  now  that  the  apparent  or  perspective  direction 
of  all  lines  in  a scene  is  towards  their  vanishing  points,  and  the 
rule  having  been  given  for  determining  these  points  in  a draw- 
ing, it  is  now  to  be  inquired  how  much  of  a line  drawn  to  any 
vanishing  point  belongs  to  the  known  magnitude  of  the  object 
which  it  touches ; in  other  words,  how  much  an  object  is  in 
perspective  foreshortened  in  consequence  of  its  distance  and 
obliquity  of  position  in  regard  to  the  eye. 

1096.  If  we  suppose  A S P to  represent  a plate  of  glass  standing 
edgeways,  on  which  a picture  might  be  painted,  and  that  towards 
the  point  S in  it,  an  eye  is  looking  horizontally  from  the  point 
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D ; evitlently  then,  a line  from  P continued  in  the  direction  of 
B and  beyond,  until  vanishing  from  sight,  would  have  as  its 
perspective  image  or 
representation  on  the 
glass  the  line  from  P ® 
to  S — S being,  then, 
the  looini  of  sight  in 
the  picture,  and  the 
pictorial  vanishing  point  of  the  line  P B however  far  extended. 
Now,  to  divide  the  representative  line  P S so  as  to  correspond 
with  any  given  portions  of  the  original  line  P B,  &c.,  it  would  ' 
be  necessary  only  to  draw  other  lines  from  the  place  of  the  eye 
D to  the  line  P B in  the  situations  desired,  and  these  lines 
would  cut  the  perspective  line  S P in  the  proportions  required. 
For  instance,  the  portion  of  true  hne-a  h would  be  represented 
by  that  portion  of  the  image  line  S P,  included  between  the 
two  lines  a D,  and  h D,  and  so  of  any  other  portions. 

1097.  There  are  figures  drawn  on  mathematical  scales  by 
which  such  problems  as  the  above  can  be  at  once  approxima- 
tively  solved ; and  it  would  be  possible  by  trigonometrical  calcula- 
tion to  solve  them  exactly  in  all  cases ; but  the  most  generally 
convenient  mode  in  practice  is  to  sketch  on  the  intended  drawing 
(as  that  of  which  the  boundaries  are  given  in  the  adjoining  cut) 
the  kind  of  measure  required,  by  setting  off  from  the  point  of 
sight  S,  a distance  on  the  horizontal  line,  as  at  D,  equal  to  the 
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distance  of  the  eye  from  the  picture,  and  then  by  oblique  lines 
drawn  from  D to  the  base  line  P E,  to  cut  the  pei-pendicular 
line  P S in  the  situations  desired.  This  is  done  in  the  last 
figure,  which  differs  from  the  present  chiefly  in  having  the  point 
of  distance  D,  marked  before  its  point  of  sight,  instead  of,  as 
here,  laterally.  And  the  line  P S being  always  cut  by  the 
oblique  line  from  D in  proportion  to  the  length  of  base-line  con- 
cerned between  P and  the  extremity  of  the  oblique  line,  a 
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horizontal  lino  drawn  through  any  point  in  the  line  from  D, 
cuts  in  due  proportions  the  other  lines  which  have  their  vanish- 
ing points  in  the  horizontal  hne  at  S,  for  instance,  a S,  P S,  &c. 
Thus,  to  draw  in  perspective,  on  the  surface  above  represented 
and  prepared,  a chess-board  or  board  of  squares,  it  is  necessary 
to  set  off  half  the  breadth  of  the  board  on  the  base-line  to  the 
right  and  left  of  P,  viz.  at  h and  a,  and  then  to  draw  to  the 
point  of  sight  as  a vanishing  point,  the  lines  a S and  h S,  part 
of  which  lines  will  therefore  represent  the  sides  of  the  board, 
and  then  to  draw  the  diagonal  D h,  ■which  for  the  reasons  above 
stated  will  cut  the  lines  P S and  a S in  proportion  to  the  length 
of  base-line  to  the  right  of  their  extremities  ; a e f b therefore 
is  a square  seen  in  perspective,  and  any  number  of  smaller  in- 
cluded squares  are  made  by  drawing  lines  from  the  vanishing 
points  to  equal  divisions  on  the  base,  and  making  cross  hori- 
zontal lines  where  the  diagonal  cuts  these. 

1098.  Much  of  the  delight  which  the  art  of  painting  is  calcu- 
lated to  afford  is  lost  to  the  world,  because  persons  in  general 
are  not  taught  how  to  look  at  a picture.  Unless  a spectator 
place  himself  where  he  can  see  the  objects  in  true  perspective, 
so  that  he  may  fancy  himself  looking  at  the  realities  through  a 
window  or  opening,  everything  must  appear  to  him  false  and 
distorted.  The  eye  should  be  opposite  to  the  point  of  sight  of  the 
picture,  and  therefore  on  a level  with  the  hne  of  the  horizon, 
and  it  should  be  at  the  required  distance  from  the  picture, 
which  is  generally  at  least  as  great  as  the  length  of  the  picture. 
It  needs  not  to  be  said  that  fault  of  the  artist  cannot  he  reme- 
died by  any  position  of  the  spectator.  It  is  very  common,  for 
instance,  to  see  miniature  resemblances  of  architectural  struc- 
tures so  foreshortened  and  tapered,  that  the  eye,  to  see  them  in 
true  perspective,  would  require  to  be  within  an  inch  of  the 
paper.  These  at  the  usual  distance  from  the  eye  of  ten  or  twelve 
inches  are  seen  as  hideous  distortions.  The  specimens  in  the 
few  preceding  pages  necessarily  exemplify  in  a degree  this  error, 
because  the  point  of  distance  had  to  be  marked  where  there  was 
hut  a small  page.  The  figures,  therefore,  by  any  person  study- 
ing the  subject  in  detail,  should  he  drawn  on  a scale  so  much 
larger,  as  to  allow  the  eye  really  to  view  them  at  the  distance 
supposed. 

A means  of  judging  of  the  dimensions  of  bodies  by  the  visual 
angle,  and  which  depends  neither  on  the  absolute  size  of  the 


THE  EYE— JUDGING  OP  SIZE. 


559 


iuiRf’’’©,  nor  on  tlio  forosliortoning  of  tlio  ground  plan©  on 
Avhicli  the  body  stands,  is,  to  use  known  objects  in  view  as 
measures  for  others  near  them  which  are  unknown. 

1099.  If  a person  of  our  acquaintance  be  standing  at  some 
distance  from  us  near  another  person  Avho  is  a stranger,  we 
know  how  tall  the  stranger  is  by  talcing  the  acquaintance  as  a 
measure. 

In  pictorial  representations  of  objects  previously  unknown, 
as  to  young  people  must  at  first  be,  the  Egyptian  pyramids,  the 
bodies  of  the  whale,  the  elephant,  the  camel,  &c.,  human  beings 
may  be  represented  around  them  to  serve  as  measures  for  the 
less  known  object.  The  Colossus  of  Khodes  seen  from  afar, 
might  to  a stranger  have  appeared  but  an  ordinary  statue  of  a 
man,  but  the  exact  magnitude  would  have  been  known  as  soon 
as  a sliip  of  known  dimensions  were  seen  sailing  into  port 
between  liis  gigantic  limbs. 

When  an  unpractised  eye  is  first  directed  from  a distance  to  a 
great  ship,  it  will  on  many  accounts  dwell  upon  the  object  with 
wonder  and  admiration  ; but  it  may  not  judge  truly  of  the  enor- 
mous magnitude  until  it  see  another  vessel  of  known  size  near 
to  it,  or  can  perceive  the  sailors  climbing  on  the  rigging,  and 
appearing  there,  by  comparison,  as  little  birds  appear  among  the 
branches  of  a lofty  tree. 

By  having  a measure  of  this  kind  presented  to  us,  the  magni- 
tude and  elevation  of  great  edifices  are  rendered  more  obvious. 
The  magnificent  pile  of  St.  Paul’s  in  London  becomes  still  more 
striking  to  persons  passing  by,  when  they  discover  visitors  look- 
ing from  the  balconies  near  the  summit-cross.  These  appear  so 
minute  among  the  surrounding  huge  masses  that  for  a while  a 
spectator  is  disposed  to  doubt  whether  they  can  be  full-grown 
men. 

Many  persons  cannot  distinguish  between  the  little  pilot 
balloon  (sometimes  despatched  before  a great  one  to  show  the 
dn-ection  of  the  wind)  and  the  great  balloon  itself,  until  under 
the  last  they  perceive  the  aeronauts  as  little  black  objects  in  the 
basket. 

Strangers  visiting  Switzerland,  on  first  entering  a great  valley 
there,  are  often  much  deceived  as  to  its  extent.  Being  familiar 
generally  Avitli  more  lowly  hills  and  shorter  valleys'  at  home, 
which,  however,  from  being  near  to  the  eyes,  form  bulky  images, 
and  having  at  first  no  otlier  measure  of  comparison,  they  almost 
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universally  underrate  the  Alpine  dimensions : — they  will  wonder, 
for  instance,  in  the  valley  of  Charaouny,  that  they  should  be 
travelling  swiftly  for  hours  without  seeming  to  approach  the 
end. 

1100.  The  author,  in  sailing  past  the  Canary  Islands,  had  a 
view  of  the  far-famed  Peak  of  Teneriffe.  It  had  been  in  sight 
during  the  afternoon  of  the  preceding  day,  at  a distance  of  more 
than  100  miles,  disappointing  general  expectation  by  appearing 
then  only  as  an  ordinary  island  rising  out  of  the  ocean  ; but  next 
morning,  when  the  ship  had  arrived  within  a shorter  distance, 
and  while  another  ship  of  the  fleet,  of  .seventy-four  guns,  hold- 
ing her  course  six  miles  nearer  to  the  land,  served  as  a measure, 
it  stood  displayed  as  the  most  stupendous  single  object  which 
most  of  the  eyes  on  board  had  ever  seen.  The  great  ship  in 
question  ap23eared  but  as  a speck  rising  from  the  sea,  when 
compared  with  the  huge  prominence  beyond  it  towering  sub- 
limely far  above  the  clouds.  Teneriffe  alone  of  high  mountains, 
rises  very  directly  out  of  the  bosom  of  the  ocean,  to  an  eleva- 
tion of  13,000  feet,  and  as  an  object  of  contemplation,  therefore, 
is  more  impressive  than  even  the  still  loftier  summits  of  Chim- 
borazo or  the  Himalayas,  which  rise  from  elevated  plains,  and  in 
the  midst  of  other  heights  only  a little  less  elevated  than  them- 
selves. 

It  is  because  objects  which  are  nearly  on  a level  with  us,  as 
contrasted  with  such  as  either  rise  much  above  or  fall  much 
below,  are  usually  surrounded  by  other  known  objects  which 
serve  as  measures  of  comparison,  that  we  judge  so  much  more 
correctly  of  the  size  and  distance  of  things  near  our  level  than  of 
others. 

1101.  A man  walking  like  ourselves  on  the  sea-shore  or  other 
level,  may  be  recognized  at  a considerable  distance ; and  pro- 
bably it  may  not  occur  to  us,  that  he  appears  much  smaller  on 
account  of  the  distance  ; but  if  the  same  man  be  seen  afterwards 
at  an  equal  distance  above  us,  collecting  the  sea-fowl’s  eggs  on 
the  face  of  a cliff,  or  if  afterwards,  when  we  have  ourselves 
reached  a height,  we  see  him  gathering  shells  on  the  beach,  he 
appears  no  bigger  than  a crow : yet  in  both  cases  he  is  where 
the  same  bulk  forms  the  same  magnitude  of  image  on  the  retina. 

Even  on  a horizontal  plain,  if  the  general  surface  be  bare  and 
uniform,  single  distant  objects  appear  veiy  diminutive.  This  is 
true,  for  instance,  of  a man  seen  apart  from  his  caravan,  while 
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journoying  across  a flat  desert ; but  a man  viewed  at  an  equal 
distance,  in  the  midst  of  a cultivated  landscape  or  among  any 
known  objects,  appears  of  his  natural  size.  The  same  is  true  of 
a single  boat  or  ship  seen  out  on  the  high  sea,  as  contrasted 
with  like  objects  viewed  in  a crowded  harbour. 

1102.  We  may  now  understand  why  the  sun  and  moon,  at 
rising  or  setting,  appear  to  us  much  larger  thau  when  they  have 
attained  meridian  height — although,  if  we  examine  them  by  any 
precise  measure  of  the  visual  angle,  as  by  looking  at  them  through 
a IvnoA^m  ring  or  tube,  we  find  that  there  is  no  difference.  The 
sun  and  moon  as  they  appear  from  this  earth  are  nearly  of  the 
same  size,  each  occupying  in  the  field  of  view  about  the  half  of 
a degree,  or  as  much  as  is  occupied  by  a circle  of  a foot  in 
diameter  when  held  125  feetfrom  the  eye — which  circle  therefore 
at  that  distance,  and  at  any  time,  would  just  hide  either  of  them. 
When  a man  first  sees  the  rising  moon  apparently  filling  up  the 
end  of  a street,  which  he  knows  to  be  100  feet  wide,  he  natu- 
rally believes  that  the  moon  then  subtends  a greater  angle  than 
usual,  but  the  refiection  may  occur  to  him,  that  he  is  using  as  a 
measure,  a street  known  indeed  to  be  K)0  feet  wide,  but  of  which 
the  part  concerned,  owing  to  its  distance,  occupies  in  his  eye  a 
very  small  space.  The  ■width  of  the  street  near  to  where  he 
stands  may  occupy  sixty  degrees  of  his  field  of  view,  and  he 
might  there  see  from  between  the  houses  broad  constellations 
instead  of  the  moon  only,  but  the  width  of  the  street  far  off  may 
not  occupy,  in  the  field  of  view,  but  a small  part  of  one  degree, 
so  that  the  moon,  which  always  occupies  half  a degree,  will  there 
appear  comparatively  large.  The  kind  of  illusion  now  spoken  of 
is  yet  more  remarkable  when  the  moon  is  seen  rising  or  setting 
beyond  still  larger  known  objects, — for  instance,  beyond  a dis- 
tant hill  or  island,  which  appears  all  within  the  luminous 
circle.  Any  person  who  from  Greenwich  Park  has  observed  the 
sun  setting  beyond  London,  with  St.  Paul’s  Cathedral  included 
within  its  circumference,  will  recollect  a very  interesting  example 
of  this  kind.  Another  example  is  afforded  by  the  case  of  a bal- 
loon at  a great  elevation  seen  crossing  the  disk  of  the  sun  or 
moon,  and  then  appearing,  liowever  large  in  reality,  as  an  abso- 
lute speck  within  the  vast  luminous  area. 

1103.  It  may  be  remarked  here,  that  the  visual  estimate 
formed  of  the  great  size  of  the  sun  and  moon  when  seen  on  the 
hoi-izon,  is  not  an  illusion,  as  was  at  one  time  popularly  supposed, 
but  an  approximation  to  truth,  only  prodigiously  short  of  the 
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reality.  When  a distant  tree,  or  a house,  or  a hill  is  seen,  appa- 
rently witliin  the  circumference  of  one  of  these  orbs,  it  is  really 
as  true  that  the  orb  is  larger  than  the  tree,  or  house,  or  hill,  as 
that  a distant  hill,  similarly  surrounding  by  its  outline  a nearer 
hill,  would  be  larger  than  that;  but  the  celestial  body  is  so 
much  larger  than  anything  interposed  on  earth,  that  even  if  the 
whole  of  Britain  could  be  lifted  away  from  the  earth,  and  sus- 
pended near  the  moon,  as  a map  in  the  sky,  it  would  hide  from  a 
spectator  on  earth  but  a small  part  of  the  disk  beyond. 

Having  now  shown  that  the  visual  angle  or  apparent  size  be- 
comes a measure  of  the  distance  of  any  object,  only  when  the  true 
size  is  known,  or  of  the  true  size  only  when  the  distance  is  known, 
we  proceed  to  examine  other  means  which  the  eye  possesses  for 
estimating  distances. 

2nd.  Intensity  of  light,  shade,  and  colour.  (See  the  Analysis, 
pages  497  and  541.) 

It  has  abeady  been  e^lained  that  light,  like  every  other  in- 
fluence radiating  from  a centre,  becomes  rapidly  weaker  as  the 
distance  from  the  centre  increases,  being,  for  instance,  only  one- 
fourth  part  as  intense  at  double  distance,  and  in  a corresponding 
proportion  for  other  distances ; while  it  is  still  farther  weakened 
by  the  obstacle  of  any  transparent  medium  through  wliich  it 
passes.  Now  persons  soon  become  sufficiently  familiar  with 
these  truths  to  judge  from  them,  with  considerable  accuracy,  of 
the  comparative  distances  of  objects. 

The  Gothic  pile  of  an  ancient  cathedral  may  break  upon  the 
view  in  some  situation  where  nearer  edifices,  and  perhaps  some 
minor  imitations  of  its  beauties,  already  fill  the  eye  with  their 
strong  lights,  but  the  misty  or  less  distinct  outlines  of  the  vene- 
rable pile  warn  the  approaching  stranger  of  its  true  magnitude, 
and  prepare  him  for  the  enjoyment  which  a nearer  inspection  of 
its  grandeur  and  perfection  is  to  afford. 

A small  yacht  or  pleasure  boat  may  be  built  according  to  the 
same  model  or  with  the  same  comparative  dimensions  as  a first- 
rate  ship  of  war,  and  may  be  in  view  from  the  shore  at  the  same 
time,  only  so  much  nearer  than  the  ship,  that  both  shall  form 
imao'es  of  the  same  magnitude  on  the  retina  of  a spectator.  In 
such  a case,  an  unpractised  eye  might  have  difficulty  to  discri- 
minate, but  to  an  old  seaman,  the  bright  lights  of  the  little  vessel. 
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contrasted  with  the  softer  or  more  misty  appearance  of  the  larger, 
would  declare  tlie  truth  at  once.  A haziness  occurring  in  the 
atmosphere  between  the  little  vessel  and  the  eye,  might  con- 
siderably favour  the  illusion. 

In  a fleet  of  ships,  if  the  sun’s  direct  rays  fall  upon  some  here 
and  there  through  openings  among  the  clouds,  while  the  others 
remain  in  shade,  the  former  in  aj)pearance  start  towards  the  spec- 
tator. In  like  manner,  the  mountains  of  an  unknown  coast,  if 
the  sunshine  falls  upon  them,  appear  comparatively  near,  but 
if  clouds  again  intervene,  they  seem  to  recede,  mocking  the 
awakened  hope  of  the  approaching  mariner. 

1104.  A conflagration  at  night,  however  distant,  appears  to 
spectators  generally  as  if  very  near,  and  inexperienced  persons 
often  run  towards  it  with  the  hope  of  soon  arriving,  who  find 
after  miles  travelled  that  they  have  made  but  a small  part  of  the 
way. 

A person  ignorant  of  astronomy  deems  the  heavenly  bodies 
vastly  nearer  to  the  earth  than  they  are,  merely  because  of  their 
being  fso  bright  or  luminous.  The  evening  star,  for  instance, 
seen  in  a clear  sky  over  some  distant  hill-top,  appears  as  if  a 
dweller  on  the  hill  might  almost  reach  it — for  the  most  intense 
artificial  light  which  could  be  placed  on  the  height  would  be  dim 
to  a distant  spectator  in  comparison  with  the  beauteous  star ; yet 
to  a dweller  on  the  hill  it  appears  just  as  distant  as  to  one  on  a 
remote  plain. 

The  concave  of  the  starry  heavens  appears  flattened  above,  or 
as  if  its  zenith  were  nearer  to  the  earth  than  its  sides  or  horizon, 
because  the  light  from  above  having  to  pass  through  only  the 
depth  or  thickness  of  the  atmosphere  is  little  obstructed,  while 
of  that  which  comes  towards  any  place  horizontally  through  hun- 
dreds of  miles  of  dense  vapour-loaded  air,  only  a smaller  part 
arrives. 

The  sun  and  moon  appear  larger  at  rising  and  setting  than 
when  midway  in  the  sky,  partly,  as  already  explained,  because 
they  can  then  be  easily  compared  with  other  large  objects,  of 
which  the  size  is  known,  but  partly,  also,  because  of  the  much 
less  light  arriving  from  them  in  the  former  situation,  while  their 
apparent  diameters  remain  nearly  the  same. 

1105.  A fog  or  mist  is  said  to  magnify  objects  seen  through 
it.  The  fact  is,  that  because  it  diminishes  the  intensity  of  the 
light  from  them,  it  makes  them  appear  more  distant  without 
lessening  the  visual  angles  subtended  by  them ; ^and  because  an 

' 2 0 2 


5G4 


LIGHT. 


object  at  two  miles,  subtending  the  same  angle  as  an  object  at 
one  mile,  is  tmce  as  broad,  the  conclusion  is  drawn  that  the  dim 
object  is  large.  Thus  a person  in  a fog  may  believe  that  he  is 
approaching  a great  tree,  fifty  yards  distant,  when  the  next  step 
throws  him  into  a low  bush  which  had  deceived  him.  Two  friends 
meeting  in  a fog,  often  mistake  one  another  for  persons  of  greater 
stature  than  theirs.  There  are,  for  similar  reasons,  frequent  mis- 
judgings  in  late  twilight  and  early  dawn.  The  purpose  of  a thin 
gauze  screen  interposed  between  the  spectators  in  a theatre  and 
some  person  or  object  on  the  stage  meant  to  appear  distant,  is 
intelligible  on  the  same  principle : a boy  near,  so  screened,  is 
meant  to  appear  a man  at  a distance.  The  art  of  the  painter 
uses  sombre  colours  when  his  object  is  to  produce  in  his  picture 
the  effect  of  distance.  On  the  alarming  occasion  of  a very  dense 
fog  coming  on  at  sea,  where  the  ships  of  a fleet  are  near  to  each 
other,  without  wind,  and  where  there  is  considerable  swell  or 
rolling  of  the  sea,  much  damage  is  apprehended. 

1106.  The  celebrated  Spectre  of  the  Brochen,  among  the  Hartz 
Mountains,  is  a good  illustration  of  the  present  subject.  On  a 
certain  ridge,  just  at  sunrise,  a gigantic  figure  of  a man  had  often 
been  observed  walking,  and  extraordinary  stories  were  related  of 
him.  About  the  year  1800,  a French  philosopher  and  a friend 
went  to  watch  the  apparition  ; but  for  many  mornings  they 
paraded  on  an  opposite  ridge  in  vain.  At  last,  however,  the 
monster  was  seen,  but  he  was  not  alone ; he  had  a companion, 
and  singularly,  he  and  his  companion  ^aped  all  the  motions  and 
attitudes  of  the  two  observers : in  fact,  the  spectres  were  merely 
shadows  of  the  o servers,  formed  by  the  horizontal  rays  of  the 
rising  sun  falling  on  a morning  fog  which  hovered  over  the 
valley  between  the  ridges  ; and  because  the  near  shadows  were 
very  faint,  the  figures  were  deemed  distant,  as  of  gigautic  men 
walking  on  the  opposite  ridge.  A comparatively  small  figure 
seen  near,  but  supposed  distant,  appears  of  gigantic  dimensions. 

1107.  While  the  different  intensities  of  light  coming  from 
bodies  considered  as  wholes,  furnish  an  indication  of  their  dif- 
ferent distances  from  the  observer,  the  comparative  intensities 
from  their  sides  unequally  exposed  to  the  soiu'ces  of  light,  and 
therefore  illumined  or  reflecting  light  to  the  eye,  in  difterent 
degrees,  indicates  the  forms  and  attitudes  of  the  bodies.  In 
observing,  for  instance,  a white  house  exposed  to  the  sun,  it  is 
seen  that  the  side  receiving  the  rays  dii-ectly  is  highly  illumined 
or  bright,  while  the  other  sides  are  much  less  so,  and  are  said 
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to  be  in  tlie  shade — a shade  which  is  more  or  less  deep  in  pro- 
portion as  there  are  few  or  many  sources  of  reflected  liglit 
bearing  on  it.  The  different  faces  or  walls  of  such  a house  are, 
to  the  sense  of  the  observer,  as  strongly  distingm’shed  from  eacli 
other,  by  the  mere  difierence  of  shade,  as  if  they  were  of  chf- 
ferent  colours,  or  as  if  they  were  exammed  by  the  touch,  or  by 
walking  round  them.  If  the  object  examined  were  a ball 
instead  of  a square  house,  there  would  still  be  the  great  dif- 
ferences of  shade  in  the  parts  not  receiving  dhect  rays,  but 
instead  of  forming  abrupt  contrasts  at  corners  like  the  walls  of  a 
house,  they  would  appear  to  melt  into  each  other,  marking  the 
beautiful  round  contour  of  the  object.  The  consideration  of  all 
such  cases  forms  the  subject  of  light  and  shade  or  cldaro-oscuro, 
so  interesting  to  the  painter. 

1108.  Had  there  not  been  in  nature  the  provision  of  light 
and  shade,  the  sense  of  sight  would  have  been  of  comparatively 
httle  use,  and  a mass  of  things  in  the  light,  if  of  the  same 
colom’,  would  have  been  as  little  distinguishable  from  one 
another  by  a person  looldng  directly  at  them,  as  a mass  of 
things  are,  in  their  common  shadow  formed  on  a wall.  It  is  this 
provision,  therefore,  which  enables  us,  independently  of  colour,  to 
distinguish  the  profile  or  outlines  of  different  bodies  placed  near 
to  one  another,  and  to  distinguish  in  the  same  body  the  pro- 
tuberant or  hollow  or  other  form  of  the  surfaces  which  are  towards 
the  observer.  But  for  this,  it  would  have  been  impossible  to 
distinguish,  for  instance,  between  a white  wall  when  bare  and 
when  having  various  Avhite  objects  placed  upon  or  before  it; 
and  it  would  have  been  impossible  to  distinguish  clearly  between 
the  rounded  figures  of  a flat  circle,  a sphere,  and  a cone,  simi- 
larly coloured,  and  with  axes  pointing  to  the  eye ; but  in  reality, 
by  differences  of  shade,  the  white  objects  are  distinguished  from 
the  wall,  and  in  the  three  geometrical  figures  mentioned,  the 
uniformly  bright  surface  of  the  circle,  the  soft  rounded  shadow- 
ing of  the  sphere,  and  the  shade  coming  to  a point  on  the  cone, 
at  once  declare  the  tnie  forms.  But  for  the  shadowed  parts,  the 
faqade  or  front  of  a white  palace  of  curieus  architecture  would 
have  been  an  unmeaning  sheet  of  light;  the  lights,  however, 
and  shadows  produced  by  the  juttings  and  recesses,  mark  the 
variety  of  surface  very  completely ; the  round  pillar  is  dis- 
tinguished from  the  square,  and  every  pediment,  and  capital, 
and  architectural  ornament,  stands  out  pleasingly  conspicuous. 
But  for  light  and  shade,  again,  the  “ human  face  chvine  ” would 
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have  been  a uniform  unmeaning  breadth  of  flesh,  instead  of 
having  the  differences  produced  by  different  exposures  to  the 
light,  which  cause  every  prominence  and  depression,  and  every 
momentary  change,  to  be  so  truly  indicated  to  the  eye  that  it 
becomes  full  of  meaning  or  expression.  How  Well  mere  light 
and  shade  serve  to  convey  what  the  eye  has  to  learn  of  a scene 
or  object,  may  be  perceived  by  examining  any  of  the  admirable 
engravings  which  now  abound,  and  which,  although  made  up 
entirely  of  degrees  of  shade,  or  of  black  and  white,  are  scarcely 
inferior  in  expression  to  finished  paintings. 

The  student  of  painting  soon  learns  that  the  hard  tracings 
called  outlines,  by  which  he  first  sketches  subjects,  do  not  exist 
in  nature,  and  have  to  be  again  effaced  in  his  finished  work : 
for  they  only  mark  the  place  where  lights  and  shades  happen  to 
meet.  Much  may  be  conveyed  to  the  mind,  however,  by  a mere 
outline,  and  particularly  if  lines  of  different  breadth  or  thick- 
ness are  used  to  indicate  the  situation  of  the  fainter  and  deeper 
shadows. 

The  subject  of  chiaro-oscuro  is  not  so  simple  as,  from  the  fact 
of  the  sun  being  the  great  source  of  light,  might  at  first  be 
supposed ; for  although  this  be  true,  still  every  body  which 
reflects  the  sun’s  light  becomes  a new  source  to  the  bodies 
around  it,  and  the  shading  of  a picture  must  have  reference  to 
all  such  sources,  and  to  the  different  coloiu’s  of  the  body  itself, 
and  of  the  neighbouring  bodies. 

1109.  In  looking  at  an  extended  landscape,  it  is  seen  that 
the  near  objects,  or  those  in  the  foreground,  are  comparatively 
bright,  with  their  shadows  strongly  marked,  and  their  peculiar 
colours  everywhere  easily  distinguishable — as  of  flowers,  fruit, 
foliage,  &c.,  but  of  objects  farther  off  and  apparently  diminished 
in  size,  the  colours,  with  increasing  distance  become  dim,  the 
lights  and  shadows  melt  into  each  other  or  are  confused,  and 
the  illumination  altogether  becomes  so  faint  that  the  eye  at  last 
may  see  only  a certain  extent  of  sombre  mountain  or  plain 
— appearing  bluish,  partly  because  the  transparent  air  through 
which  the  light  must^pass  has  a blue  tinge,  and  partly  because 
the  quantity  of  light  w'hich  can  pierce  the  great  extent  of  air  is 
insufficient  to  exhibit  the  detail.  The  ridge  called  Blue  Moim- 
tains  in  Australia,  another  of  the  same  name  in  America,  and 
many  others  elsewhere,  are  not  really  blue,  for  they  possess  all 
the  diversity  of  scenery  which  the  climates  can  give,  but  to  the 
eyes  which  first  discovered  them,  and  viewed  them  from  a dis- 
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tance,  they  all  at  first  appeared  blue,  and  they  have  retained 
the  name. 

1110.  In  a good  picture  where,  upon  canvas  stretched  on 
a frame,  the  ailist  has  disposed  the  lights,  shades,  and  colours  in 
the  very  situations  and  with  the  intensities  which  they  would 
have  had  if  coming  from  the  real  scene  to  the  eyes,  through  a 
plate  of  glass  filliug  up  the  frame,  all  that  we  have  now  been 
saying  is^  strictly  exemplified.  In  the  foreground  the  objects 
are  large  and  bright,  but  as  they  are  supposed  to  become 
gradually  more  remote,  the  size  and  brightness  coiTespondingly 
diminish,  until  at  last  there  is  only  a dim  mixture  of  bluish  or 
greyish  masses  forming  the  boundary  of  horizon  and  sky. 

nil.  A child,  dm-ing  what  may  be  called  the  education  of 
the  sense  of  sight,  has  a strong  perception  of  the  vast  differences 
of  appearance  which  things  assume  according  to  their  accidental 
distance  from  the  eye,  their  position,  their  exposure  to  light, 
&c. ; for  many  of  these  differences,  being  at  first  calculated  to 
deceive  the  young  judgment,  have  from  time  to  time  been  noted 
and  recorded.  Thus  a boy  when  he  first  discovers  that  a ship 
which  at  the  near  quay,  with  her  sails  outspread,  concealed 
from  him  half  the  sky,  is  in  an  horn-  or  two  afterwards  seen  by 
him  on  the  distant  horizon  as  a dark  speck  hardly  big  enough 
to  hide  one  star, — has  his  attention  strongly  awakened,  and  he 
feels  surprise ; or  again,  when  he  learns  that  the  faint  blue 
unchanging  mass  which  he  had  always  observed  bounding  in 
one  direction  the  view  from  the  home  of  his  youth,  is  a distant 
mountain-side  thicldy  inhabited,  and  covered  with  dwellings  and 
gardens,  where  in  succession  the  bright  colours  of  the  different 
seasons  periodically  glow — he  is  equally  struck.  But  as  soon  as 
experience  has  enabled  him  to  interpret  readily  and  correctly 
the  visual  signs  under  every  variety  of.  ciroumstance,  his  atten- 
tion passes  so  instantly  from  them  to  the  realities — just  as  it 
might  pass  from  the  paper  and  printing  of  a newspaper  to  the 
important  intelligence  communicated  by  them,  that  he  very 
soon  ceases  to  reflect  that  the  sign,  which  in  every  case  simi- 
larly suggests  the  object,  is  not  also  in  every  case  like  the 
object,  and  the  same  true  and  complete  representation  of  the 
reality.  The  feeling  that  the  sign  must  be  like  the  thing 
suggested,  becomes  at  last  so  strong,  that  even  a difficult  effort 
has  to  be  made  by  a grown  person  again  to  attend  to  the  mere 
appearances,  in  any  scene  of  which  the  realities  are  known, 

1112.  This  attempt  to  analyze  visual  appearances,  and  to 
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estimate  truly  their  cormection  with  realities,  is  called,  as 
already  stated,  the  study  of  jpersj^ective.  When  it  regards  the 
apparent  reduction  of  size,  and  the  foreshortening  of  bodies 
under  various  circumstances,  it  is  called  linear  ijerspective ; 
when  it  regards  the  fading  of  light  and  the  modifying  of  colour, 
it  is  called  aerial  ^perspective.  As  the  advanced  art  of  painting 
depends  so  much  upon  the  understanding  of  these  two  depart- 
ments, the  gi-adual  progress  which  it  has  made  in  different 
countries  is  a measure  of  the  degree  in  which  the  common  pre- 
judice that  things  appear  exactly  as  they  are  has  in  them  been 
overcome.  Where  this  feeling  exists,  any  untaught  person 
conceives  a good  painting  to  be  merely  a miniature  representa- 
tion drawn  according  to  a certain  reduced  scale, — as  of  an  inch 
to  a yard, — and  in  which  all  the  dimensions  of  things  should  be 
measurable  as  simjDly  as  in  the  reality — while  the  colours  as  to 
vividness,  &c.,  should  perfectly  agree  with  the  originals.  This 
statement  is  remarkably  illustrated  by  the  facts,  that  childi’en 
in  them  rude  attempts  to  paint,  always  aim  at  realizing  such 
notion  of  the  art,  and  that  such  has  been  the  fii’st  stage  of  paint- 
ing in  every  country.  In  Europe  now,  owing  to  the  labours  of 
men  of  genius,  art  in  painting  may  be  said  almost  to  rival 
nature,  producing  impressions  on  the  retina  as  vivid  as  those 
from  nature’s  own  scenes,  and  scarcely  distinguishable  from 
them : but  in  other  countries,  as  in  China  and  India,  among  the 
native  artists,  the  early  stages  of  the  art  may  still  be  studied. 
In  many  Chinese  pictures,  owing  to  the  absence  of  perspective 
proportions,  an  extensive  subject  is  only  a collection  of  portraits 
of  men  and  things  drawn  nearly  on  the  same  scale,  and  placed 
one  above  another,  and  where  all  the  colom’S  are  as  vividly 
shown  as  if  the  objects  were  only  a few  feet  from  the  eye : the 
figures  at  the  bottom  or  foreground  are  meant  to  represent  the 
objects  nearest  to  the  spectator,  while  the  figm-es  higher  up  are 
supposed  to  be  of  more  remote  objects,  all  appearing  as  they 
might  be  seen  in  succession  by  a person  who  had  the  power  of 
flying  over  the  country.  This  kind  of  representation,  although 
not  natural  if  all  viewed  at  once,  may  communicate  more 
information  than  a single  common  painting,  for  it  is  equivalent 
to  a succession  of  such.  In  Europe  lately  the  principle  has 
been  usefully  acted  upon  for  certain  purposes,  as  for  represent- 
ing on  one  long  sheet  or  on  a succession  of  sheets  connected  in 
a suitable  manner,  the  banks  of  a river  or  a line  of  road.  The 
banks  of  the  Ehine  particularly  have  thus  been  admirably  por- 
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trayed,  so  that  the  spectator  directing  his  eye  along  the  paper, 
feels  almost  as  if  carried  in  a balloon  to  view  in  detail  the 
whole  of  the  enchanting  scenepy.  The  bird’s-eye  view  of  the 
ancient  city  of  Cologne,  Avith  all  its  famed  architecture  and  its 
noble  modern  bridge  spanning  the  great  river,  is  a portion 
of  such  representation. 

3rd.  Divergence  of  the  rays  of  light.  (Eead  the  list  at 
page  541.) 

1113.  Tills  is  the  next  circumstance  to  bo  mentioned  by 
wliich  the  eye  judges  of  distance.  Supposing  the  line  E F to 
mark  the  place  and  breadth  of  the  pupil  of  the  eye,  the  light 
entering  from  an  object  at  a which  is  near  (it  is  here  placed 
nearer  than  an  object  could  be 
seen  in  reality),  is  very  di- 
vergent, or  is  spreading  ivith  a 
large  angle;  from  h the  pencil  of  rays  is  less  divergent,  or 
opens  vdth  a smaller  angle ; from  c it  is  less  divergent  still,  and 
so  on.  Now  the  eye  to  form  an  image  on  its  retina  requires  to 
exert  a bending  or  converging  power  exactly  jDi’oportioned  to  the 
divergence  of  the  received  rays ; and  the  person  has  a sense  of 
the  effort  made,  which  becomes  a kind  of  measure  of  the  distance 
of  the  object.  This  divergence  of  the  rays  entering  the  eye,  is 
an  important  circumstance  in  which  the  most  perfect  painting 
must  still  differ  in  its  effect  upon  the  eye  from  a natural  scene, 
— for,  first,  in  the  natural  scene,  most  of  the  objects  are  more 
distant  than  their  representation  can  be ; and,  secondly,  while 
in  nature  every  object  according  to  its  distance  is  sending  rays 
which  reach  the  eye  with  corresponding  divergence,  the  rays 
from  a picture,  which  is  a single  plane  surface,  come  from  every 
part  with  nearly  the  same  divergence,  the  eye  must  feel,  there- 
fore, a disappointment  in  not  having  to  accommodate  its  power 
of  bending  to  the  different  distances  attempted  to  be  portrayed 
on  the  canvas.  It  might  be  expected  that  this  land  of  dis- 
appointment would  be  more  felt  on  looking  at  a common 
picture  placed  a few  feet  from  the  eye,  than  at  the  sort  of 
picture  called  panorama,  which  is  on  a larger  scale  and  pro- 
portionately more  distant,  but  such  is  not  always  the  case.  The 
reason  seems  to  be,  that  in  the  former  the  illusion  is  not 
assumed  to  be  complete,  for  the  fact  of  its  being  but  a picture 
is  not  at  all  concealed,  and  the  eye  is  therefore  at  once  told  to 
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expect  a difference  of  feeling  ; — but  in  the  panorama,  the  various 
circumstances  are  arranged  to  deceive  the  eye,  if  possible, 
entirely,  and  to  make  the  spectator  believe  that  the  images  on 
the  retina  are  formed  by  light  from  the  objects  themselves. 
Then  to  the  eye  really  deceived  in  all  other  particulars,  the 
non-accordance  with  nature  in  this  one  is  quickly,  and  by  some 
persons  even  painfully  felt,  so  as  on  their  first  entering  the 
place  to  occasion  slight  headache  or  giddiness.  The  illusion 
and  consequently  the  pleasure  from  viewing  pictures  of  distant 
objects,  may  be  made  more  complete  by  the  spectator  using  a 
single  lens  or  a pair  of  spectacles,  of  focal  distance,  nearly 
equal  to  the  distance  of  the  picture  from  the  eye  ; because  such 
lenses,  as  already  explained,  would  render  all  the  rays  entering 
the  eye  nearly  parallel,  and  therefore  very  nearly  such  as  would 
reach  it  from  objects  at  a considerable  distance. 

4th.  Convergence  of  the  axes  of  the  eyes.  (See  the  list  at 
page  541.) 

1114.  This  is  the  last  circumstance  to  be  considered,  by 
which  a person,  through  the  eyes,  judges  of  the  distance  of 
objects.  In  consequence  of  there  being  two  eyes,  on  the  centres 
of  whose  retinas  light  from  any  object  must  faU,  that  the  person 
may  have  clear  vision  of  it  (1061),  the  axes  of  both  eyes  must 
be  directed  to  the  same  point  of  the  object.  If  it  be  very  near, 
the  optical  axes  will  meet  and  cross  each  other  very  near  to  the 
face,  exhibiting  to  bystanders  the  appearance  called  squinting, 
as  when  a man  tries  to  look  at  the  point  of  Iris  nose ; but  for 
objects  at  greater  and  greater  distances,  the  optical  axes  wHl 
become  less  and  less  oblique,  until  at  length  they  are  nearly 
parallel  to  each  other.  This  state  occurs,  also,  when  persons 
are  thinking  of  things  not  present,  and,  therefore,  seen  only  by 
the  mind’s  eye ; and  the  countenance  is,  then,  said  to  express 
contemplation  or  thoughtfulness.  The  following  figure  serves 
to  explain  this  part  of  the  subject. 

1115.  The  two  circles  represent  the  eye-balls,  looking  along 
a middle  line  ABO  directly  in  front.  That  line  is  fitly  real- 
ized by  a common  yard  measure,  or  a straight  lath  of  wood, 
having  three  pins  sticking  in  it  at  different  distances,  as  A B 
and  0.  While  the  axes  of  the  two  eyes  are  directed  to  the 
object  at  A,  they  form  at  meeting,  a large  or  squinting  angle, 
indicated  by  the  letters  a A a';  when  they  meet  at  B,  the 
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angle  bBh’  is  smaller,  or  more  acute : when  they  meet  at  C, 
the  angle  c C c'  is  smaller  still ; and  the  different  degrees  of 


effort  made  to  produce  the  necessary  convergence,  at  the  several 
points,  of  which  effort  the  person  is  as  conscious  as  of  that 
exerted  to  bring  the  hands  together,  to  examine  by  touch  an 
object  in  the  dark,  becomes  a measure,  to  a certain  degree,  of 
the  distances.  There  occur  at  the  same  time  these  other  facts. 
While  the  eyes  are  directed  to  the  pin  at  B,  seeing  it  clearly 
and  singly,  by  the  rays  indicated  here  by  the  strong  lines 
B h and  B h',  they  are  receiving,  also,  from  the  more  distant 
pin  at  C,  rays  of  light  indicated  by  the  dotted  lines  0 c and 
C c;  but  the  spots  of  the  retina,  c and  c',  not  being  cor- 
responding points  (1061-2),  give  the  sensation  of  two  images 
formed  on  less  sensitive  parts  of  the  retina,  and  they  are 
scarcely  noticed.  Then,  further,  the  eyes  are  admitting  light, 
also,  from  the  pin  at  A,  nearer  to  them  than  the  object  at  B, 
which  light  reaches  the  spots  of  the  retina,  a and  a',  also  non- 
corresponding points,  on  which  two  other  indistinct  images  are 
formed.  Thus,  in  any  case  of  vision,  the  object  on  which  the 
axes  of  the  eyes  meet  is  alone  seen  single  and  distinct,  while 
any  other  objects  at  greater  or  less  distances'  within  the  field  of 
view,  are  seen  double  and  indistinct.  This  is  strildngly  seen  by 
looking  along  the  rod  and  pins  above  described.  It  follows,  of 
course,  that  the  rod  itself  appears  as  two  rods,  except  at  the 
point  supporting  the  object,  to  which  the  eyes  are  specially 
directed,  and  there  the  two  appear  to  cross  each  other. 

1116.  A still  simpler  experiment  than  that  above  de- 
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scribed,  is,  to  hold  up  a finger  a few  inches  from  the  eyes,  and 
while  looking  steadily  at  it,  to  attend  to  the  more  faint  appear- 
ance of  things  farther  off,  or  nearer,  as  a book,  a picture,  a 
candle.  These  all  appear  double.  If  two  fingers  be  held  up 
in  a line,  at  different  distances  from  the  eyes,  the  one  looked 
at  directly  is  always  single  and  clear,  the  other  always  double 
and  indistinct.  In  reading  printed  or  written  characters,  a 
person  sees  distinctly  at  one  time  only  three  or  four  letters, 
because  only  these  are  sending  light  to  a true  focus  in  the 
centres  of  each  retina ; but  the  other  letters,  immediately  around, 
although  indistinct,  do  not  appear  double,  because  they  are  so 
nearly  at  the  same  distance  from  the  eyes  as  those  well  seen, 
and  have  their  images  on  points  of  the  retina  which  correspond, 
i 1117.  In  the  last  two  paragraphs  we  have  the  means  of 
explaining  the  singularly  interesting  invention  of  Professor 
Wheatstone,  made  about  thirty  years  ago,  and  called  by  bim 
the  Stereoscope  {arspzos,  solid  ; anoTteu,  to  see),  another  fruit  of  the 
same  rare  sagacity  and  exhaustless  mechanical  ingenuity  which 
first  devised  and  constructed  for  the  world  the  working  Electric 
Telegraph. 

As  the  eyes  judge  of  the  distance  of  larger  objects  around  the 
person,  by  the  degree  of  convergence  of  their  axes,  required  to 
give  perfect  vision  of  these,  so  do  they  judge  of  the  size  and 
shape  of  single  solid  bodies,  which  may  be  regarded  as  collec- 
tions of  minute  parts  or  points  joined  together,  by  the  angles 
of  convergence  required  to  see  clearly  the  relative  distances  of 
the  different  points. 

1118.  Consideration  of  the  following  experiments,  brings  the 
important  particulars  under  review.  Let  Fig.  1 represent  a 
solid  outline  formed  in  wire,  of  a small  pyramid,  of  which  the  top 
is  wanting,  placed  on  a block  A B.  If  a person  look  directly 
down  upon  this  with  one  eye,  it  will  have  the  appearance  of 
No.  2,  with  perfectly  equal  sides,  and  equal  angles  all  round,  and 
with  the  small  square  abed  in  the  middle  of  the  large  one  ef(/  h. 
If  it  be  then  placed  midway  before  the  eyes,  that  is,  opposite 
to  the  middle  of  the  face,  the  right  eye  alone  looking  at  it,  will 
see  the  sloping  surface  of  the  right  side  more  directly  than  that 
of  the  left  side,  and  the  appearance  to  that  eye  will  be,  as 
shown  in  Fig.  4,  the  small  square  a,  b,  c,  d,  appearing  no  longer 
in  the  middle  of  the  larger,  but  nearer  to  the  bottom  line  e ^ on 
the  left  side.  If,  then,  the  left  eye  alone  be  dii’ected  to  the 
pyramid,  it  will  appear  as  represented  in  Fig.  3,  with  the  small 
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square  near  the  line  / h,  on  tlio  right  side.  If  a pane  of  glass, 
therefore,  coated  with  gnm,  were  placed  between  the  eyes  and 


the  models.  Figs.  3 and  4,  and  the  view  for  each  eye  were 
traced  on  the  glass,  as  described  in  Art.  1084,  the  tracing 
would  be  an  exact  counterpart  of  what  is  shown  on  this  paper. 
This  explains  that  two  eyes  cannot  receive  exactly  similar 
images  on  each  retina,  at  the  same  time,  from  the  same  solid 
body.  By  comparison,  however,  of  the  different  images,  a 
judgment  is  quickly  made  of  the  true  form  and  position  of  the 
body.  The  experiment  described  may  be  made  at  once  by 
setting  up  on  edge  between  the  two  figures,  Nos.  3 and  4, 
equally  exposed  to  the  light,  a large  card  or  a thin  volume,  so 
that  when  the  eyes  approach  to  within  ten  inches,  each  can  see 
only  the  one  di’awing  before  it.  The  eyes,  then,  after  a little 
practice  will  see,  not  the  two  drawings,  differing  from  each 
other,  but  a single  very  perfect  representation  of  the  pyramid 
of  solid  wire,  of  which  the  upper  part  will  appear  clearly  to  be, 
at  least  an  inch  nearer  to  the  eye  than  the  bottom. 

1119.  To  say  that  two  eyes  viewing  the  same  object  have  on 
their  retinas  images  differing  from  each  other,  according  to  the 
laws  of  perspective,  just  as  in  two  camera-obscuras  placed  side 
by  side,  like  the  eyes,  pictures  of  the  same  object  differ — and 
that  the  images  in  the  eyes  coalesce  in  some  way,  so  as  to  give 
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to  tTie  person  a clear  perception  of  the  solidity  and  shape  of  the 
object — to  say  this,  is  to  state  the  fact,  not  to  explain.  If  it  be 
added,  however,  according  to  the  details  given  in  Art.  1116, 
that  the  two  eyes  see  at  one  time,  singly  and  clearly,  so  as  to 
judge  of  its  distance  by  the  required  degree  of  convergence 
of  the  optical  axes,  only  the  one  point  of  the  object  then 
looked  at,  while  the  other  points  appear  indistinct  or  double, 
and  that  by  then  changing  quickly  the  direction  and  converg- 
ence of  the  axes  to  the  other  points,  the  distances  and  positions 
of  all  are  noted ; the  explanation  which  was  wanted  is  given. 

For  stereoscopic  representations  two  pictures  are  required. 
To  draw  these  correctly,  according  to  the  principles  of  per- 
spective for  complex  objects,  such  as  landscape  or  the  human 
countenance,  is  so  difficult,  that  if  the  camera  obscura  and 
photography  had  not  been  invented,  which  give  such  drawings 
at  qnce,  the  stereoscope  would  have  been  little  used.  The  eyes 
find  the  two  views  required  of  an  object,  presented  in  the  object 
itself,  and  therefore  in  the  same  place.  The  two  views  made 
for  the  stereoscope  are  caused  to  be  seen  as  if  together  or 
mingled,  by  mirrors  or  by  lenses — the  one  stereoscope  is  called 
the  reflecting,  the  other  the  lenticular,  as  will  be  explained 
hereafter.  By  reversing  the  position  of  stereoscopic  pictures 
from  right  to  left,  the  protuberant  parts  of  objects  appear  de- 
pressions and  vice  versa.  The  prominent  pyramid  above 
sketched,  if  so  used,  will  appear  a hollow  or  cave  of  like  shape. 
Such  change  is  called  ^sew(^oscoj9^c  false). 

1120.  When  a picture  on  a plane  surface  has  to  represent 
objects  supposed  far  from  the  eye,  the  farther  the  picture  itself 
is  placed  from  the  eye,  supposing  the  figures  to  be  made  o'f  size 
duly  proportioned,  the  more  nearly  perfect  will  the  illusion 
become,  because  the  divergence  of  rays  and  convergence  of  the 
axes  (two  circumstances  in  which  the  effect  of  a mere  pictime  on 
the  eye  must  always  differ  from  the  effect  of  a real  scene)  will 
be  more  nearly  what  occurs  in  nature.  This  explains  in  part 
why  the  picture  called  panorama  (from  Greek  words,  signifying 
a view  of  the  whole)  is  an  exhibition  so  pleasing.  The  painting 
is  removed  to  a considerable  distance  from  the  eye,  and  the 
near  objects  ru’e  drawn  on  a proportionately  large  scale,  causing 
the  eyes  to  feel  that  the  light  comes  from  a considerable  dis- 
tance, and  that  their  axes  do  not  need  to  approximate  or  con- 
verge much.  When,  in  such  a case,  the  first  impression  of  the 
want  of  absolute  conformity  to  nature  has  passed  away,  the 
illusion  becomes  nearly  complete.  Another  important  pecu- 
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liarity  in  the  panorama  is,  that  instead  of  being  a painting  on  a 
plane  surface  like  common  pictures,  of  -which  the  sides  are  more 
distant  from  the  eyes  than  the  centre,  and  which  embraces  only  a 
small  part  of  the  whole  sphere  of  view,  it  is  on  a curved  concave 
surface  entirely  surrounding  tlie  spectator,  and  on  which  all  the 
objects  visible  in  various  directions  from  the  supposed  point  of 
view,  are  seen  in  the  very  situations  which  in  nature  they  hold ; 
and  the  spectator  is  enabled  to  conceive  much  more  distinctly  of 
each  particular  by  seeing  it  in  relation  to  the  others  around. 
Few  persons  can  forget  the  vivid  impressions  of  surprise  and 
pleasure  made  on  them  by  the  first  panorama  which  they 
visited ; and  after  increased  experience  and  more  enlightened 
judgment,  they  will  discover  still  additional  reasons  for  admir- 
ing this  marvellous  mode  of  being  instantly  transported  to  any 
distance,  to  contemplate  at  leisure  some  interesting  scene  re- 
presented under  the  most  favourable  circumstances  of  point  of 
view,  light,  and  weather. 

1121.  It  corrects  slight  remaining  optical  defects  of  a com- 
mon jDanorama  to  view  it  through  a large  lens,  of  which  the 
focal  distance  is  equal  to  the  distance  of  the  picture  from  the 
eye.  This  has  the  effect  of  diminishing  the  divergence  of 
the  luminous  rays  until  it  becomes  exactly  what  belongs  to  the 
supposed  remoteness  of  the  objects,  and  it  also  bends  the  whole 
beams  of  light  so  that  the  axes  of  the  eyes  may  be  nearly 
parallel.  The  author  has  found  it  a convenient  mode  of  using 
the  large  lens  for  such  a purpose  to  be,  to  cut  out  two  pieces  of 
the  size  of  common  spectacle  glasses  from  opposite  sides  of  it, 
and  to  mount  them  as  a pair  of  spectacles.  From  one  lens 
three  or  four  pairs  may  be  formed. 

1122.  The  effects  of  the  magnitude  and  distance  of  the  ordi- 
nary large  panoramic  views  may,  with  the  assistance  of  suitable 
glasses,  be  obtained  from  even  a very  small  pictm’e  or  en- 
graved representation  embracing  the  same  field.  An  - enter- 
prizing  artist  might  undertake  to  offer  for  sale  a variety  of  such 
views  at  little  cost.  A common  panorama  picture,  covering  a 
circular  wall  of  100  feet  in  circumference  and  many  feet  high, 
may  be  reduced,  still  retaining  the  same  truth  of  proportions,  to 
appear  as  an  engraving  on  paper  five  feet  long  and  eight  inches 
high.  With  the  art  of  lithogi-aphy,  now  so  w^ell  adapted  for 
producing  soft  representations  of  scenery,  the  expense  of  such 
views  might  be  rendered  so  moderate  as  to  allow  of  their  be- 
coming a common  part  of  library  furniture.  When  we  reflect 
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upon  the  expansion  of  thought  obtained  by  travelling,  and 
that  not  a tew  of  the  advantages  of  travelling  would  follow 
a familiarity  with  a good  selection  of  panoramic  views,  it 
appears  that  courses  of  instruction  in  geogi’aphy,  history,  &c., 
may  be  more  commonly  illustrated  than  now,  by  this  very 
interesting  mode  of  aiding  the  conception  and  memory. 

Common  paintings  and  prints  may  be  considered  as  detached 
parts  of  a panoramic  representation,  showing  as  much  of  that 
general  sphere  of  vision  which  always  surrounds  a spectator,  as 
can  be  seen  by  the  eye  kept  in  one  place,  and  looking  through 
one  window  or  other  opening  of  moderate  size.  The  pleasure 
from  contemplating  these  is  much  increased  by  using  with  them 
a lens  or  such  spectacles  as  above  described. 

The  stereoscopic  views,  now  become  common,  surpass  all 
other  representations  of  real  scenes  in  being  mathematically 
acciuate,  and  in  the  curious  fact,  due  to  the  double  pictures,  that 
objects  behind  hidden  from  one  eye  by  objects  in  front,  are 
visible  to  the  other  eye. 

1123.  A very  interesting  kind  of  representation  has  been  ex- 
hibited in  London  and  Paris  under  the  title  of  Cosmorama 
(from  Greek  words  signifying  sights  of  the  tvorld,  because  of  the 
great  variety  of  views).  Pictures  of  moderate  size  are  placed 
outside  of  what  appear  ordinary  windows  in  a darkened  room, 
but  which  are  really  large  convex  lenses  fitted  to  correct 
the  errors  of  aj>pearance  which  the  nearness  of  the  pictures 
beyond  them  would  else  produce.  Then  by  the  addition  of 
various  subordinate  contrivances,  calculated  to  aid  and  heighten 
the  effects,  they  lead  even  shrewd  judges  to  suppose  the  pictures 
of  moderate  size  behind  the  glasses  to  be  large  elaborate  works. 
To  children  they  appear  as  magical  reahzations  of  natm-al 
scenes  and  objects. 

1121.  Prom  what  has  now  been  said,  it  appears  that  for  the 
purpose  of  representing  still-nature,  or  mere  momentary  states 
of  moving  objects,  a picture  truly  drawn,  truly  coloured,  and 
which  is  either  large  to  correct  the  divergence  of  light  and  con- 
vergence of  visual  axes,  or  if  small,  is  viewed  through  a fit  lens, 
would  affect  the  retina  almost  exactly  as  the  realities.  But  the 
desideratum  remained  of  being  able  to  paint  motion.  Now 
this  too  has  been  attempted,  and  in  some  cases  with  singular 
success,  cluefly  by  making  the  picture  transparent,  and  throwing 
lights  and  shadows  upon  it  from  behind.  In  the  exhibitions  of 
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the  Diorama  and  Cosmoraraa  there  have  been  tlius  represented 
with  admirable  trutli  such  plienomena  as  the  clear  sunlight  of  a 
summer’s  day  occasionally  interrupted  by  passing  clouds;  the 
gradual  rising  and  disappearing  of  a mist  over  a wide  landscape  ; 
running  water,  as  pouring  down  in  the  mighty  falls  of  Niagara, 
or  the  still  loftier  cascades  among  precipices  of  Alpine  re- 
gions ; and  even  the  appalling  spectacle  of  a furious  conflagra- 
tion. In  the  Cosmorama  of  Eegent  Street,  London,  in  1830, 
the  then  recent  great  fire  of  Edinburgh  was  pictured  with  most 
telling  effect.  First,  that  noble  city  was  dimly  seen  as  in 
the  gloom  of  midnight,  but  with  an  unusual  light  in  one  situa- 
tion ; flame  soon  appeared  there,  which  rapidly  grew  into  con- 
flagration ; at  short  intervals,  as  the  wind  increased,  or  as  roofs 
fell  in,  there  were  bursts  of  flame  towering  to  heaven,  and 
strongly  illumining  every  high  wall  or  spire  which  caught  the 
direct  light — and  the  vast  clouds  of  smoke  ascending  in  rapid 
succession  were  borne  away  on  the  wind,  to  vanish  in  the  dis- 
tant darkness.  So  closely  in  accordance  with  nature  was  all 
this  represented  that  persons  who  knew  not  Edinburgh  were 
observed  to  be  affected  almost  as  if  they  witnessed  a reality, 
while  those  who  did  know  it,  and  had  friends  there,’ seemed  to 
sympathize  anew  with  the  sufferers. — One  part  of  the  mechan- 
ism which  produced  these  effects  was  a circular  frame  of  can- 
vas turning  slowly  as  a wheel  behind  the  main  picture,  on 
which  canvas  strongly  illuminated  from  the  back  were  painted 
forms  of  flame  and  smoke. 

1125.  It  is  remarkable,  when  the  imagination  is  once  excited 
by  some  striking  pictorial  view,  how  readily  any  additional 
visual  hint  produces  clear  and  strong  impressions.  An  attendant 
in  the  cosmorama  reported  one  day — that  .a  schoolboy  visitor 
exclaimed  with  fearful  delight  that  he  saw  a monstrous  tiger 
issuing  from  a den  among  the  rocks ; — it  was  a kitten  belonging 
to  the  attendant,  which  by  accident  had  strayed  among  the 
paintings — and  that  another  young  spectator  was  heard  calling- 
out  that  he  saw  a horse  galloping  up  the  mountain  side ; — it 
was  a minute  fly  crawling  along  upon  the  canvas.  There 
is,  in  regard  to  pictiu-es  connected  with  motion,  a wide  field  yet 
open  to  the  exercise  of  ingenuity. 

1126.  .Some  years  ago  a picture,  called  a moving  panorama, 
was  displayed  across  the  stage  of  a London  theatre,  which  pre- 
sented the  appearance  of  about  twenty  miles  of  the  southern 
bank  of  the  Thames,  as  seen  by  passengers : a steamboat 

2 p 


578 


LIGHT. 


sailing  clown  the  river.  The  picture,  necessarily  of  gi’eat  length, 
was  gradually  unrolled  from  an  upright  barrel  or  spindle  on  one 
side  of  the  stage,  while  rolled  up  on  a similar  barrel  on  the  other 
side.  A suitable  description  was  audibly  read,  as  tlie  picture 
glided  along,  and  the  slow  uniform  motion  produced  on  the 
spectators  nearly  the  impression  which  the  sailing  motion  of  a 
ship  might  cause, — During  several  years,  Albert  Smith,  in  a 
small  theatre,  described  his  journey  to  Switzerland,  and  his  as- 
cent to  the  summit  of  Mont  Blanc,  illustrated  by  pictorial  repre- 
sentations of  the  places  and  perilous  incidents  of  his  travel. 
Multitudes  crowded  to  hear  him  and  to  see,  and  so  successful 
was  the  performance,  that  visitors  often  said  they  could  almost 
suppose  themselves  to  have  been  of  the  travelling  party.  Other 
journeys  have  been  similarly  illustrated,  as . that  over-land  to 
India,  that  far  across  the  continent  of  North  America,  and 
so  forth.  A moving  panorama  of  kindred  character,  and  aim- 
ing at  effects  still  higher,  has  been  attempted,  viz,,  to  depict 
the  course  of  an  individual  human  life.  Scenes  representing  the 
principal  events  of  the  life  were  in  succession  made  to  glide  across 
the  field  of  view,  and  were  so  designed  that  the  real  motion 
of  the  picture  gave  to  the  spectator,  the  feeling  that  the  events 
were  in  progress,  and  that  he  was  present  on  the  occasions. 
Some  of  the  exhibitions  above  referred  to  might  have  been 
made  more  perfect  in  various  respects,  but  in  their  mediocrity 
they  served  to  prove  how  singularly  adapted  such  unions  of 
narration,  painting  and  music  are  to  affect  the  mind ; and, 
therefore,  to  become  means  of  conveying,  to  young  minds  par- 
ticularly, impressive  lessons  of  very  useful  kinds. 

1127.  Painting,  whether  employed  to  portray  scenes  of 
entirely  still  nature,  or  scenes  involving  some  kind  of  motion, 
has  as  its  aim  or  end  to  represent  to  the  eye  subjects  of  more  or 
less  interest,  and  to  give  to  the  spectator  as  much  as  possible 
that  clear  conception  of  them,  which  is  obtained  by  ocular 
examination  of  realities.  Thus,  the  visual  signs  of  thought 
give  powerful  aid  to  language,  or  the  audible  signs,  in  ex- 
panding the  boundaries  of  individual  human  existence  into 
wider  space  and  time,  and  thereby  elevating  human  nature.  It 
has  always  to  be  recollected,  however,  that  wdiat  is  usually 
dignified  with  the  name  of  historical  painting,  really  bears  .to 
historical  truth  only  the  kind  of  relation  which  novels  and 
plays  bear  to  it,  and  often  approaches  even  less  nearly  to  the 
truth  ; for  it  pretends  to  relate  a thousand  minute  circumstances 
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of  which  no  liistoiy  has  been  preserved,  and  whicli,  therefore, 
only  the  iinagination  of  tlie  artist  can  suggest.  Thus,  when  a 
painter,  to  recall  that  Lucretia  stabbed  herself  in  the  presence 
of  her  father  and  others,  after  the  crime  of  Tarcpiin’s  son, 
exhibits  a beautiful  young  wife  dying,  and  a certain  number  of 
• persons  around  her  in  horror  and  astonishment,  he  no  more 
represents  the  real  Lucretia  and  her  friends  than  he  represents 
any  other  particular  persons  of  the  time : he  is  quite  assured 
that  not  one  of  the  figures  in  the  picture  is  a portrait  of  the 
individual  whose  name  it  bears. — From  all  tliis  it  appears  tliat 
historical  pictures  may  often  be  regarded  as  portraitures,  not  of 
the  realities,  but  of  performers  on  a stage  acting  scenes  in 
historical  plays  intended  to  give  notions  of  the  realities. 

1128.  The  invention  in  our  day  of  the  stereoscope,  and  some 
other  discoveries  made  regarding  light  and  vision,  as  in  photo- 
graphy, have  added  a new  interest  to  this  department  of  natural 
philosophy,  and  may  lead  to  further  improvements  in  the 
painter’s  art.  Of  many  objects  and  subjects,  knowledge  can  be 
conveyed  more  quickly  and  completely  by  pictorial  images 
than  by  words,  and  as  things  differ  so  much  in  their  nature, 
distinct  classes  of  artists  have  arisen  to  represent  them.  There 
are  special  painters  of  flowers  and  fruit,  of  birds  and  of  other 
animals,  of  landscapes,  sea-pieces,  the  interiors  of  buildings, 
&c.,  and  especially  of  the  human  countenance  and  form,  singly 
in  portraits  and  conjointly  in  scenes  of  human  action  as  related 
in  history.  To  attain  moderate  proficiency  in  some  of  these 
departments,  moderate  ability  suffices,  but  to  reach  excellence 
in  others,  the  highest  natural  endowments  of  intellect  and  feel- 
ing with  educational  cultivation  are  required.  In  public  estima- 
tion, some  of  the  great  j)ainters  rank  side  by  side  with  the  great 
poets,  and  their  names  have  become  among  educated  people 
nearly  as  familiar  as  those  of  Homer  and  Virgil.  It  would 
be  to  go  beyond  the  limits  of  the  present  work  to  dilate  on 
this  subject. 
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When  the  image  formed,  as  above  described,  beyond  a lens,  is 
viewed  in  the  air  by  an  eye  flaced  still  farther  beyond  in 
the  same  direction,  the  arrangement,  according  to  minor 
circumstances,  constitutes  the  telescope  or  the  micho- 
SCOPE.”  (Read  the  whole  second  paragraph  of  the 
Analysis,  page  497.) 

1129.  The  name  telescope  (a  compound  Greek  term,  signi- 
fying to  see  far,  as  microscope  signifies  to  see  what  is  small), 
applies  to  that  marvellous  instrument  of  comparatively  modern 
invention  by  the  use  of  which  the  intelligent  mind  may  be  said, 
on  the  beams  of  light  as  a path,  to  bound  widely  into  space  for 
the  purpose  of  examining  more  closely  the  great  distant  bodies 
of  creation ; or,  by  which  it  seems  able  to  command  distant 
objects  instantly  to  approach,  for  the  purpose  of  convenient 
inspection.  In  ancient  times,  a man,  while  looldng  with  admi- 
ration on  the  bright  face  of  the  moon,  or  of  the  evening  star, 
might  have  exclaimed,  “How  pleased  would  I be,  could  I fiy 
upwards  to  yon  resj)lendent  orb,  the  better  to  know  its  nature  and 
beauties  !”  but  he  could  little  have  anticipated  that  the  day  was 
coming  when  human  ingenuity  would  find  means  in  a gi-eat 
measure  to  satisfy  the  wish ! The  telescope  is  this  means.  One 
which  merely  doubles  apparent  diameter,  shows  the  moon 
exactly  as  she  would  appear  to  a person  who  had  ascended 
towards  her  from  the  earth  through  a distance  of  120,000  miles, 
while  one  of  greater  power  produces  effects  correspondingly 
great.  But  to  examine  the  heavenly  bodies  is  only  one  of  the 
many  uses  of  the  telescope.  The  instrument  fixed  on  the 
graduated  brass  circle  of  the  theodolite,  enables  us  to  measure 
angles,  which  tell  the  exact  distance  of  one  mountain  summit 
from  another,  even  if  a wude  sea  intervene ; and  men  have  often 
much  interest  to  discover  what  is  j)assing  at  a distance  on  the 
surface  of  the  earth  around  them.  Thus  by  a telescope,  the 
military  chief  may  obtain  a close  view  of  approaching  friends  or 
foes,  while  they  are  yet  concealed  from,  the  naked  eye,  in  the 
blue  mist  of  distance;  and  similarly,  the  sea-captain,  while 
persons  around  him  perceive  only  a dark  little  speck  on  the  far 
horizon,  discovers  that  to  be  a ship  of  class  and  nation  at  once 
evident  to  him,  and  wdth  the  crew  of  which,  by  the  additional 
use  of  signal  flags,  he  is  enabled  I’eadily  to  communicate. — At 
midnight,  a telescope  directed  to  a distant  cathedral  tower,  may 
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wati-li  on  the  clock-face  there,  the  motion  of  tlio  hands  mail- 
ing the  unceasing  lapse  of  time,  A man,  placed  in  the  midst 
of  a wide  plain,  or  on  a lofty  hill-top,  or  far  on  the  face  of 
a lake,  who  might  suppose  himself  quite  alone  and  unseen, 
might  yet,  through  a telescope,  be  instantly  placed  under  the 
observation  of  any  one  choosing  to  watch  him.  The  same  might 
liappen  to  a man  w'ithin  the  high  walls  of  his  own  garden,  or 
oven  within  his  house,  near  an  open  window,  if  a straight  lino 
could  pass  from  him  to  an  observer. 

1130.  Now  the  telescope,  with  its  marvellous  powers 
mentioned,  exhibits  but  a modification  of  the  simple  case, 
described  in  Art.  1039,  and  exemplified  in  the  camera  obscura, 
&c.,  of  an  image  formed  for  visual  inspection,  by  the  rays  of 
light  gathered  to  a focus  beyond  a lens.  We  have  here  to 
explain  that  its  powers  depend  on  the  two  facts,  first,  of  its  large 
lens  collecting  for  the  formation  of  the  image  (subsequently  trans- 
ferred to  the  observer’s  retina)  a thousand  times  or  more,  the 
quantity  of  light  which  the  naked,  pupil  admits ; and,  second, 
of  its  fonning  by  this  light  a large  bright  image,  to  which  the 
eye  may  approach  very  near,  to  examine  it  through  a magnify- 
ing glass  of  any  power, 

1131.  To  understand  this  fully,  we  must  recall,  as  explained 
in  Art,  1035,  that  the  nature  of  the  bending  of  light  in  passing 
through  a lens  is  such,  that  all  the  rays  reaching  the  lens  from 
any  point  of  a visible  object  in  front  (as  the  point  A of  the 
cross  xVB),  and  form- 
ing what  is  called  a 
pencil  or  cone  of  light, 
are  collected  in  a cor- 
responding point,  as  a,  at  the  focal  distance  beyond  the  centre 
of  the  lens,  so  as  to  meet  the  central  ray  of  the  pencil  (here  the 
direct  line  A a)  ; and  then,  because  the  same  happens  to  the 
light  from  every  visible  point  of  the  object  (the  rays  from  only 
the  two  extreme  points  A and  B are  here  represented),  the  col- 
lected light  from  all,  if  received  on  a wdiite  screen  placed  there, 
as  in  the  camera  obscura,  make  apparent  to  an  eye  looking 
from  any  direction  a beautiful  inverted  image  of  the  object.  If 
no  screen  be  interposed  in  the  place  -where  the  rays  meet  to 
show  this  image,  the  rays,  althougli  not  seen,  are  not  lost  there 
or  disturbed,  but  merely  cross  in  the  air  and  pass  on,  diverging 
again  beyond  the  focal  points,  or  towards  c,  as  they  originally 
did  from  the  several  points  of  the  object  itself.  An  eye,  there- ' 
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1‘ove,  placed  beyond  c,  in  tlie  line  of  the  rays  must  receive  the 
light  from  every  point  of  the  image,  and  will  see  the  image  in 
the  air  as  it  would  see  an  object  situated  wliere  the  image  is. 
This  fact  is  tested  at  once  by  liolding  a spectacle  glass  or  any 
lens  at  a proj^er  distance  from  the  eye  between  an  object  and 
the  eye.  An  inverted  image  of  the  object  is  seen. 

1132.  A telescope,  then,  is  merely  a tube,  converted  into  a dark 
chamber  by  excluding  useless  light,  and  having  a large  lens, 
called  the  object-glass,  filling  its  distant  end  like  a window,  through 
Avhich  the  light  from  the  objects  in  front  enters,  to  form  images 
towards  the  other  end  of  the  tube,  where  the  eye  may  con- 
veniently inspect  them.  The  inspection  of  the  image  is  made 
through  another  lens  called  the  etje-^iece  of  the  telescope,  which 
is  fixed  in  a small  tube  made  to  slide  backwards  and  forwards  in 
the  larger,  so  as  to  admit  of  the  focal  distances’  being  adjusted 
to  the  power  of  different  eyes,  &c.  The  accompanying  sketch 


not  appear,  shows  the  progress  of  the  light  from  points  of  the 
object  A,  through  the  object-glass  L,  to  form  an  image  at  h a, 
and  afterwards  to  be  bent  by  the  eye-piece  D,  so  as  to  enter 
the  pupil  of  the  eye  at  E,  Avhere  the  rays  cross,  to  form  the  last 
magnified  image  on  the  retina. 

1133.  In  the  simple  telescope,  ha^dug  only  tAvo  lenses,  as 
above  represented,  and  called  the  astronomical  telescope,  or  some- 
times the  night-glass,  when  used  by  mariners  at  night,  the 
image  is  inverted.  Tliis  circumstance  is  of  no  importance  in 
viewing  the  heavenly  bodies,  which  are  round,  from  Avhatever  side 
seen.  To  fit  the  telescope,  however,  for  viewing  terrestrial  objects, 
it  is  necessary  to  place  in  the  tube'  another  simple  or  compound 
lens,  which  shall  turn  the  inverted  image  formed  by  the  great 
object-glass  into  an  image  which  is  ujDright.  There  is  con- 
siderable loss  of  light  where  it  is  necessary  to  multiply  lenses. 

1134.  To  determine  how  much  larger  an  object  will  appear 
when  vieAved  through  a certain  telescope, — for  instance,  through 
one  with  an  object-glass  of  three  feet  focus, — than  Avhen  viewed 
by  the  naked  eye,  Ave  must  recollect  that  the  image  is  formed 
in  the  focus  of  the  object-glass,  or  at  b a,  in  the  last  figure,  and 
subtends  from  the  centre  of  that  glass  or  lens,  the  same  visual 
angle  as  the  object  itself,  vieAved  from  the  same  point  (a  fact 
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explained  in  Art.  1049),  and  to  an  eye  placed  ut  the  lens,  woidd 
appear  of  the  same  size  as  the  object ; bnt  if  the  eye  be  brought 
nearer  to  the  image  than  the  centre  of  the  object-glass  is, 
the  image  will  appear  in  proportion  just  so  much  taller  and 
broadei’,  and  thus,  as  compared-  with  the  object,  may  be  called 
so  much  magnified.  Now,  as  the  naked  eye  cannot  see  dis- 
tinctly an  object  nearer  to  it  than  at  about  six  inches  distance, 
because  of  the  great  divergence  of  light  from  nearer  radiant 
points,  the  telescope  in  question,  without  an  eye-glass,  would 
allow  the  eye  to  come  only  six  times  nearer  to  the  image  than 
when  at  the  centre  of  the  object-glass,  and  would  only  magnify 
the  diameter  six  times ; but  if,  then,  an  eye-glass,  as  D,  of  half 
an  inch  focus,  be  placed  half  an  inch  from  the  image,  so  as  to 
render  the  rays  of  every  pencil  nearly  parallel,  and  therefore 
accommodated  to  the  power  of  the  eye,  an  eye  placed  to 
receive  in  its  pupil  the  crossing  pencils,  must  see  the  image  as 
large  as  if  it  were  at  half  an  inch  from  it,  and  therefore  72  times 
nearer  than  if  viewed  from  the  object-glass,  and  therefore,  again, 
as  of  72  times  greater  diameter.  Now,  as  in  all  cases,  the 
image  in  a telescope  is  in  the  focus  both  of  the  object-glass  and 
eye-glass,  and  is  therefore  nearer  to  the  latter  than  to  the 
former  in  proportion  as  their  focal  distances  differ,  the  mag- 
nifying power  is  measured  by  that  difference — in  the  case  at 
present  supposed  the  difference  is  as  72  to  1,  and  72  is  the 
magnifying  power  of  the  telescope.  The  rule  is  generally  thus 
expressed,  “ divide  the  focal  distance  of  the  object-glass  by  that 
of  the  eye-glass,  and  the  quotient  is  the  magnifying  power.”  It 
is  always  to  be  remembered,  however,  that  if  the  diameter  of  an 
object  be  magnified  ten  times,  the  surface  is  magnified  as  the 
square  of  the  diameter,  or  100  times,  and  so  in  proportion  for 
other  numbers.  (See  the  Aj>pendix.) 

1135.  With  such  means  of  aiding  the  sight  then,  it  is,  that 
we  asceidain  the  light  and  dark  patches  seen  by  the  naked 
eye  on  the  face  of  the  moon  to  be  heights  and  depressions,  or 
mountains  and  valleys,  and  can  even  measure  the  altitudes  and 
depths  of  these ; that  we  can  see  the  four  beautiful  moons  of  the 
planet  Jupiter;  that  we  can  j>erceive  marks  and  irregularities 
on  the  surfaces  of  the  other  planets,  enabling  us  to  say  at  what 
rate  they  severally  rotate  on  their  axes,  experiencing  the  changes 
of  day  and  night  as  this  earth  does  : — and  that  we  can  determine 
many  other  interesting  particulars  of  like  kind. 

1136.  The  discovery  of  the  telescope  is  said  to  have  been 
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first  made  accidentally  by  the  children  of  a Dutch  spectacle- 
maker,  ■while  playing  witli  their  father’s  work  ; but  it  was  turned 
to  no  use  until  Galileo,  led  by  science,  experimented  again,  and 
being  able  to  appreciate  its  worth,  obtained  from  it  the  most 
sublime  results.  The  human  heart  can  rarely  liave  throbbed 
with  such  delight  as  Galileo’s  Avhen  he  first  directed  his  optic 
tube  to  the  heavens,  and  through  it  contemplated  so  many 
numerous  objects  before  unseen  by  human  eye  ! — as  the  changes 
in  the  planet  Venus,  our  beautiful  morning  and  evening  star, 
which  in  parts  of  her  orbit,  appears  not  a circle,  but  a crescent, 
like  our  moon  in  her  quarters — the  satellites  of  Jupiter — the 
rings  and  satellites  of  Saturn — myriads  of  stars  until  then 
invisible  to  man  ; and  in  a word,  Avheu  he  beheld  the  irresistible 
proofs  of  the  true  system  of  the  universe,  as  rare  sagacity  had 
before  conceived  it,  uniting  the  greatest  simplicity  with  unspeak- 
able grandeur. 

1137.  The  Galilean  telescope  was  simply  a large  object-glass 
to  collect  much  light,  with  a small  concave  eye-glass  placed  so 
as  to  intercept  the  converging  rays  before  they  reached  then- 
focus,  and  to  change  their  convergency  into  the  parallelism 
which  the  eye  could  command.  This  telescope,  although  mag- 
nifying so  much  less  than  that  formed  of  two  convex  glasses,  as 
above  described,  had  still  'power  to  verify  great  fundamental 
facts  in  astronomy. 

1138.  It  Avas  explained  in  Art.  1031,  that  a beam  of  light 
in  being  much  bent  or  refracted  by  transparent  media,  as  by  a 
strong  simple  lens,  is  also  resolved  into  rays  of  the  different 
colours  seen  in  the  rainboAV.  Hence  an  image  formed  beyond 
such  a lens  has  coloiued  edges  or  fringes.  This  fact  rendered 
the  images  of  objects,  in  the  first-made  telescopes,  if  much  mag- 
nified, indistinct;  and,  but  for  the  important  discoA'ery  made 
by  Dollond  the  optician  (Art.  1033),  that  different  kinds  of 
glass  have  dispersive  and  refractive  powers  of  different  relative 
force,  so  that  a concave  lens  of  a certain  curve  applied  to  a 
couAmx  lens  can  completely  counteract  the  dis23ersion  of  colours 
by  the  latter,  while  it  leaves  enough  of  the  convergence  of  the 
rays  for  the  formation  of  an  image — refracting  telescopes  must 
have  always  been  imperfect.  Dollond  called  his  telescopes 
achromatic,  or  not- colouring.  It  is  remarkable,  that  he  had  the 
fortune  to  obtain  some  glass  for  his  j)urj)oses  more  suitable  than 
any  which  could  with  certainty  be  manufactiu-ed  for  years  after. 

1139.  The  so-called  single  microscope  is  merely  a convex  lens. 
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and  it  magnifies,  as  alvcady  explained,  chiefly  by  allowing  the 
eye  to  be  brought  inucb  nearer  to  the  object  than  the  distance 
at  which  the  object  could  be  seen  Avitbout  a lens  glass:  but 
eA^en  Avbere  the  relatiA'o  distance  of  the  eye  and  object  is 
changed,  a lens  interposed  at  its  focal  distance  from  the  object 
Avill  still  magnify  by  bending  the 
light,  as  seen  at  cl  and/,  making 
that  Avbicb  comes  to  the  eye  at  c' 
c from  the  top  of  snob  an]  object 
as  the  little  cross  a,  to  appear  to  come  from  h,  and  that  from 
the  bottom  to  come  from  c,  thus  causing  the  cross  here  repre- 
sented by  the  black  lines,  to  appear  of  the  size  represented 
by  the  dotted  lines.  A concave  lens  minifies  for  the  contrary 
reason. 

There  are  feAV  greater  gratifications  for  a person  Avbo  has 
feeling  for  the  beauties  of  nature,  than  to  explore  AAdtb  the 
microscope.  While  the  telescope  lifts  the  mind  to  the  contem- 
plation of  boundless  space  occupied  by  myriads  of  suns,  and 
proves  this  globe  of  ours,  as  compared  Avitb  the  universe  around 
it,  to  be  little  more  than  a leaf  compared  with  a forest,  or  a grain 
of  sand  compared  Avitb  what  lies  on  the  sea-shore ; the  micro- 
scope, on  the  other  hand,  excites  wonder  by  sboAving  on  a leaf, 
or  in  a spoonful  of  Avater  in  Avbicb  the  leaf  has  been  infused, 
thousands  of  living  creatures,  totally  invisible  to  our  naked  eye, 
yet  not  imperfect  because  so  small,  but  endowed  with  organs 
and  parts  as  duly  proportioned  as  those  of  an  elephant.  And 
he  AA'ho  has  admired  the  orderly  structure  of  a honey-comb, 
may  look  through  the  microscope  upon  a cut  surface  of  wood 
• ^ to  see  minute  arrangements  still  more  Avonderful : or  he  may 
compare  the  lace  of  an  insect’s  wing  Avith  the  most  perfect  fabric 
Avhich  human  art  can  Aveave. 

The  telescope  and  microscope  might  both  Avith  some  reason 
be  called  microscopes,  for  often  the  telescopic  object,  as  a moon 
of  the  jilanet  Saturn,  from  mere  distance  subtends,  in  the  field 
of  view,  as  small  an  angle  as  a minute  animalcule.  In  such  a 
case,  the  image  in  the  telescope  is  a minute  resemblance  of  a 
vast  object  at  a distance  ; the  image  in  the  microscope  is  always 
an  enlarged  resemblance  of  a minute  object  or  part  of  an  object 
near.  The  microscope  has  been  called  the  telescope  reversed. 

1140.  The  com])ouncl  mieroscojje  of  great  povA'er  approaches 
remarkably,  in  its  structure,  to  the  telescope,  but  Avhile  in  the 
telescope  a large  distant  object  forms  in  the  focus  of  the  large 
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object-glass  an  imago  exactly  as  much  smaller  than  itself  as  the 
distance  of  the  image  from  the  glass  is  less  than  that  of  the 
object, — in  the  microscope,  conversely,  a small  object  placed  near 
the  focus  of  a small  object-glass  produces  a more  distant  image, 
as  much  larger  than  itself  as  the  image  is  more  distant  than  it 
from  the  object-glass, — and  in  both,  cases  the  images  are  viewed 
through  an  appropriate  eye-glass.  The  object-glass  in  the 
telescope  is  large ; in  the  microscope  it  is  very  small.  If,  in  the 
latter,  an  object-glass  be  used  of  one-eighth  of  an  inch  focal 
distance,  and  the  object  be  so  placed  that  its  image  is  formed 
at  six  inches,  the  image  will  be  of  diameter  48  times  as  great  as 
the  object,  or  will  have  nearly  2300  times  as  much  surface ; and 
if  that  image  be  viewed  through  an  eye-glass  of  half  an  inch 
focus,  it  will  appear  still  twelve  times  larger. 


“ Bays  of  light  falling  on  very  smooth  or imlished  flat  surfaces  are 
reflected  so  nearly  in  the  order  in  u'hich  they  fall,  as  to 
appear  to  the  eye  receiving  them  to  come  directly  from 
objects  originally  emitting  them.  Such  surfaces  are  called 
MiKKOES ; the  surface,  ivhich  is  flat  as  well  as  piolished,  is 
called  a plane  mirror.”  (Eead  the  Analysis,  page  498.) 


1141.  It  is  common  knowledge  that  an  elastic  ball  falling 
du’ectly,  or  at  right  angles,  on  a level  floor,  rebounds  directly 
upwards  in  the  line  in  wliich  it  fell ; but  if  it  descend  obliquely 
or  slantingly  from,  any  side,  that  it  will  rebound  just  as  obliquely 
on  the  other  side.  An  illustrative  experiment  can  be  made 
with  more  precision  on  a level  billiard-table,  thus.  Let  M E 
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is  called  the  angle  of  approach 
is  called  the  angle  of  return 


mark  part  of  the  side  of  the 
table,  and  let  a billiard-ball 
strike  directly  or  perpendicu- 
larly the  point  0,  from  the 
position  p,  in  the  line  p C,  it 
will  rebound  in  the  same  Ime 
from  C to  p.  If  the  ball  be 
then  shot  obliquely  towards  C, 
in  the  line  A 0,  it  will  rebound 
just  as  obliquely  from  C to  a on 
the  opposite  side  of  the  perpen- 
dicular p C.  .The  angle  A C 
or  incidence,  and  the  angle  C a 

or  of  reflection  (see  the  Mathe- 
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matical  Appendix),  and  these  two  angles  will  always  be  equal  to 
each  other,  whatever  their  size.  This  important  law  of  equal 
angles  of  incidence  and  reflection  holds  in  many  other  cases,  as 
in  tlie  reflection  of  waves  of  water  from  a perpendicular  wall, 
the  reflection  of  soimd  from  a flat  echoing  surface,  and  that 
which  now  concerns  us,  the  reflection  of  hght  from  the  surface 
of  a plane  mirror. 

1142.  It  follows  from  this  that  if  the  straight  line  1\I  R be 
taken  to  represent  part  of  a mirror  seen  edgeways,  an  eye 
placed  at  p would  see  itself  as  if  it  were  directly  beyond  the 
part  of  the  mirror  C,  and  an  eye  at  a would  see  *any  object 
really  in  the  situation  A,  as  if  at  P,  beyond  the  point  C in  the 
line  a a',  and  similarly  for  all  other  positions  and  directions,  the 
objects  before  a mirror  appearing  to  eyes  before  it  as  if  they  were 
beyond  it  at  their  true  distance,  in  a line  passing  perpendicu- 
larly through  it.  The  object  at  A,  for  instance,  would  to  an  eye 
at  a appear  as  if  at  a'.  Where  the  existence  of  the  mirror  is 
not  suspected,  the  objects  in  front  reflected  from  it  appear  to 
be  realities  placed  beyond  it,  in  lines  perpendicular  to  the 
surface  of  the  mirror.  A wild  animal  will  attack  its  image  in  a 
glass ; and  the  fable  says  that  a clog  crossing  a brook  quitted 
the  piece  of  flesh  in  his  mouth  to  catch  the  tempting  image  of 
another  piece  which  he  saw  in  the  water  below.  The  reason 
that  an  object  seen  in  a plane  mirror  appears  to  be  just  as  far 
beyond  the  mirror  as  it  is  distant  on  the  side  of  the  spectator, 
is,  that  the  apparent  diminution  of  size,  the  divergence  of  the 
rays  of  light  from  it,  and  the  convergence  of  the  optical  axes 
looking  at  it,  all  correspond  to  that  suj^position. 

Mii-rors  are  often  placed  at  the  sides  of  shop-windows  to  make 
the  store  of  merchandise  displayed  there  appear  greater  than  it 
really  is. 

Any  plane  very  smooth  surface  reflects  light  more  or  less  as 
now  described,  and  is  a mirror ; but  different  substances  send 
back  very  different  proj)ortions  of  the  light  which  falls  on  them. 
A highly-polished  metallic  surface  is  the  best  mirror,  often 
returning  three-fourths  of  the  whole  light.*  Hence  in  reflecting 
telescopes,  the  mirror,  there  called  a speculum,  is  made  of  polished 
metal. 

1143.  Our  common  looking-glasses  are  really  metallic  mirrors, 
for  it  is  the  smooth  clear  sm-face  of  the  quicksilvered  tin-foil 
beliind  the  glass  which  reflects  by  far  the  greater  part  of  the 
light,  the  glass  itself  serving  the  purpose  of  preserving  the 
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metallic  sm-ftico  perfectly  clean  and  flat.  There  is  always  an 
imperfection  in  such  glass  mirrors,  when  used  for  viewing  objects 
obliquely,  because  the  external  surface  of  the  glass  also  acts  as 
a mirror,  although  so  much  more  feebly  than  the  metal  behind, 
and  forms  a separate  image  not  quite  coinciding  with  the  other. 

1144.  The  mirror-power  of  glass  alone  is  seen  in  the  panes  of 
a plate-glass  window,  particularly  where  there  is  a dark  baclc- 
ground.  In  the  shop-Avindows  of  London,  passengers  on  the 
pavement  are  often  seen  studying  their  OAvn  reflected  appear- 
ance, while  ajApearing  to  be  looking  at  the  wares  within.  All 
ordinary  sheets  of  glass,  in  Avindows  or  in  picture-frames,  reflect 
much  light,  but  the  reflection  being  irregular  Avhere  the  surface 
is  irregular,  the  fact  scarcely  attracts  notice. 

1145.  The  smooth  surface  of  a fluid  is  a mirror,  and  in 
ancient  times  Avas  the  only  kind  knoAvn.  It  is,  moreover,  hori- 
zontal. When  that  surface  is  metallic,  as  of  mercury,  the 
mirror  is  perfect.  The  mirror  of  liquid  quicksilver  is  ofteij,  used 
by  astronomers  in  observing  the  aj)parent  altitudes  of  the 
heavenly  bodies.  Because  the  image  in  the  mirror  aiqjears 
exactly  as  much  beloAV  the  horizon  as  the  object  is  really  above  it, 
half  the  distance  betAveen  them  marks  the  true  horizontal  level. 

1146.  A varnished  picture  is  a mirror,  and  if  placed  so  as 
to  reflect  strongly  the  light  of  a AvindoAv  or  of  the  slvyq  it  prevents 
spectators  from  seeing  the  subject  of  the  picture.  Even  a 
polished  table  of  mahogany,  or  other  Avood,  is  a mirror,  as  is 
Avell  knoAvn  among  playful  children.  Polished  stones,  as  marble 
slabs,  &c.,  and  smoothly-painted  Avails  reflect  considerably.  Even 
a surface  of  air  may  act  as  a mirror,  as  where  a cold  and  dense 
stratum  happens  to  lie  in  contact  with  a Ararmer  and  rarer 
stratum.  In  such  cases,  Avhere  different  levels  of  the  atmosphere 
have  become  unequally  heated,  the  trees,  islands,  etc.,  happening 
to  be  beloAV,  are  reflected  from  aboAm,  and  appear  as  if  in  the 
sky.  This  phenomenon  is  called  mirage.  It  is  often  to  be 
observed  over  the  sandy  deserts  of  Africa  and  elseAA'here ; certain 
kinds  of  mist  and  thin  clouds  produce  a similar  effect,  causing, 
for  instance,  a ship  to  appear  as  if  suspended  aloft,  Avith  keel 
uppermost. 

1147.  Many  persons  do  not  observe  that  in  looking  at  them- 
selves in  a mirror,  the  right  side  of  the  image  shoAvs  the  left  side 
of  the  person.  A blemish  in  the  right  eye  of  the  spectator 
appears  in  the  left  of  the  image.  A man  presenting  his  right 
hand  toAvards  the  image  is  met  by  a left  hand  from  behind  the 
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glass.  Tlie  eOoct  is  strikingly  seen  -wlien  a printed  page  is  held 
lip  before  a mirror. 

1148.  It  is  on  this  account  that  a careless  artist,  painting  his 
own  portrait  from  a mirror,  may  reverse  all  the  peculiarities 
Avhich  are  not  the  same  on  both  sides ; and  if,  as  is  often  true, 
one  eye  is  a little  higher  than  the  other,  or  the  nose  is  not 
quite  in  the  middle,  a very  incorrect  resemblance  will  be  pro- 
duced. Hence,  also,  a person  whose  countenance  is  at  all 
thus  irregular,  never  sees  himself  in  a mirror  as  he  appears  to 
others  ; and  a belle  or  a beau,  who.  has  decided  that  a curl  is 
more  graceful  on  the  left  temple,  may  unconsciously  leave  it  on 
the  right. 

1149.  By  an  image,  however,  which  is  reflected  from  a first 
mirror  to  a second,  and  from  that  to  the  eye,  persons  may  see 
themselves,  if  they  choose,  as  others  see  them.  It  were  well  if 
there  existed  moral  mirrors  to  answer  an  analogous  purpose ! 

11^0.  A candle  placed  between  two  parallel  mirrors  fixed  on 
opposite  sides  of  a room,  makes  visible  in  either  glass  to  a 
spectator  placed  on  one  side  an  endless  straight  line  of  lights. 
If  the  glasses  are  inclined  to  each  other,  the  lights  will  appear 
as  if  placed  in  the  circumference  of  a cii’cle,  of  which  the  centre 
is  where  the  mirrors  if  prolonged  would  meet : this  fact  is  well 
illustrated  in  the  beautiful  toy  called  the  kaleidoscope.  It  is 
possible  to  place  a few  mirrors  in  such  situations  around  an 
apartment,  that  a man  entering  it  may  see  himself  multiplied 
into  a crowd,  and  a few  ornamental  pillars  may  aj)pear  endless 
colonnades, — as  in  the  famed  cafe  a mille  colonnes  in  Paris. 

11.51.  There  are  few  more  amusing  toys  than  two  small 
mirrors,  united  like  the  boards  of  a thin  book,  with  the  leaves  re- 
moved. This  set  up  edgeways  on  a table,  with  some  objects  placed 
between  the  mirrors,  when  opened  at  different  angles,  affords 
endless  amusement,  illustrating  the  law  of  mirror  reflections. 

1152.  The  stm  or  moon  reflected  in  a still  lake,  appear 
exactly  as  they  do  in  the  sky ; but  if  the  surface  of  the  water  is 
raised  into  waves  by  the  wind,  instead  of  one  distinct  image, 
there  will  be  a long  line  of  bright  tremulous  reflection  ; the 
reason  of  the  appearance  being,  that  every  little  wave,  to  a con- 
siderable distance,  has  some  part  of  its  rounded  surface  with  the 
direction  or  obliquity  which,  according  to  the  required  relation 
of  the  angles  of  incidence  and  reflection,  fits  it  to  reflect  the 
light  to  the  eye,  and  hence  every  wave  in  that  extent  is  sending 
its  momentary  gleam.  Summer  visitors  from  the  interior  of  a 
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country  to  a southern  coast,  as  from  London  to  Brighton,  often 
express  wonder  at  tlie  great  difference  of  climate,  or  the  heat 
and  light  encountered  when  they  walk  along  the  cliffs,  not 
reflecting  that  in  the  reflection  from  the  sea  they  have  almost 
a double  sun. 


1.153.  Although  the  external  surface  of  glass  reflects  but  a 
small  part  of  the  light  wliich  falls  upon  it — being  therefore  a 
feeble  mirror,  still,  curiously,  if  light,  which  has  entered  a piece 
of  glass,  fairvery  obliquely  ujdou  the  back  or  internal  surface  of 
it,  instead  of  passing  out  there,  it  is  more  perfectly  reflected 

than  it  would,  be  by  the  best  metallic 
mirror.  Thus,  light  from  A entering  a 
piece  of  glass  at  B,  is  entirely  reflected  at 
C,  on  the  internal  back  of  the  piece,  and 
escapes  at  D towards  E. 

1 f 54.  It  is  this  fact  which  enabled  Dr.  Wollaston  to  devise 
that  beautiful  little  instrument  called  by 
him  the  Camera  Lucicla.  The  letters  A Gf  C 
indicate  a piece  of  glass  with  a vertical  sur- 
face C,  and  a horizoutal  surface  between  C 
and  A.  The  light  entering  from  an  object  or 
scene  F,  falls  on  the  oblique  surface  D,  from 
which  it  is  reflected  to  the  oblique  surface  A, 
from  which  it  is  reflected  again  to  the  eye  at  E,  enabling  that  to 
see  clearly  the  object  at  F.  The  wide  pupil  of  the  eye  at  E 
can  also  see  past  the  corner  of  the  glass  at  A,  the  sheet  of  paper 
on  the  table  below  it,  B,  and  at  the  same  time  the  objects  at  F, 
as  if  traced  on  the  paper.  With  a lead-pencil^  that  appearance 
can  be  made  permanent,  and  a correctly-drawn  outline  of  the 
scene  is  at  once  obtained.  This  instrument  for  assisting 
draughtsmen  is  still  simpler  than  the  camera  obscura.  ^ Other 
modifications  of  it  have  since  been  contrived. 

1155.  The  same  fact  of  the  internal  surface  of  a transparent 
mass  becoming  a mirror,  furnished  at  last  the  explanation  of 
that  apparition  so  admired  before  it  was  understood,  and  not 
less  admired  since,  of  the  rainhow,  or  arc  in  the  heaven,  as  in 
France  and  elsewhere  it  is  named — an  object  which  the  poets  of 
nature  have  seemed  almost  to  worship  for  its  beauty. 

When  a partial  shower  of  rain  falls  on  the  side  of  a landscape 
opposite  to  that  where  the  sun  is  shining,  there  appears  in  the 
shower  this  marvellous  arch,  red  at  its  external  border  or  confine, 
and  then  successively  orange,  yellow,  green,  &c.  (in  the  order 
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of  tlio  colours  of  the  prismatic  spectrum  described  in  Art.  1031), 
towards  its  inner  border.  Its  centre  is  directly  ojiposite  to  the 
sun,  or  at  the  end  of  a straight  line  supposed  to  pass  from  the 
sun  through  the  eye  of  the  sj^ecjator  to  a ‘ point  below  the 
opposite  horizon.  The  diameter  of  the  circle  of  Avhich  the  bow 
is  a part,  is  of  nearly  84°  of  the  sphere  of  view.  There  is  fre- 
quently seen  also  a second  bow  of  much  fainter  light  than  the 
lii-st,  and  with  the  colours  in  reverse  order,  of  greater  diameter, 
and  therefore  external  to  the  other. 

Now  the  explanation  of  this  interesting  phenomenon  is  as 
follows : — While  the  sun  shines  upon  the  spherical  drops  of 
falling  rain,  the  light  entering  the  whole  central  part  of  any 
drop,  passes  completely  through,  but  that  portion  which  enters 
obliquely  near  the  edge  of  the  drop,  as  at  a,  is  refracted  or  bent, 
and  much  of  it  reaches  the  back  surface  of  the  drojs  at  y so 
slantingly,  or  at  such  an  angle,  that  it  suffers  there  an  entire 
reflection  (Art.  1153),  instead  of  being  trans- 
mitted ; the  ray,  therefore,  is  returned  to  h, 
where  it  escapes  from  the  drojs,  and  as  here 
shown,  descends  to  the  earth  or  eye  in  the 
direction  h e.  Thus  every  drop  of  rain  on 
which  the  sun  shines  is  a little  mirror  sus- 
pended in  the  sky,  and  is  returning  at 
certain  angles,  a portion  of  the  light  which  falls  on  it ; and  an 
eye  placed  in  the  required  direction,  receives  that  reflected 
light.  If  in  this  case,  however,  there  were  reflection  only,  and 
not  also  refraction  -with  separation  of  colours,  the  rainbow  would 
be  only  a very  narrow  resplendent  arc  of  white  light,  formed  by 
millions  of  little  mirrors  in  the  sun  ; but,  in  truth,  because  the 
light  which  enters  near  the  edge  of  the  drop  traverses  the 
surface  very  obliquely,  it  is  much  bent  or  refracted  at  a before 
its  reflection  at  y,  and  at  h after  that,  and  is  divided  into  rays  of 
its  seven  colours,,  as  it  would  be  on  passing  through  a prism  (as 
explained  in  Art,  1031) ; and  in  con-  / 
sequence  of  this  division  or  sepa-  ^ 
ration  of  the  light,  as  it  escajies  ^ 
from  the  drop  at  h,  instead  of  one  ^ 
white  ray  descending  from  eacli  7 
drop  to  a certain  point  of  the  earth, 
seven  rays  descend  (here  marked 
by  dotted  lines  from  the  figui’e  1 
on  the  left  hand,  to  7,  0,  5,  Ac.,  on  the  right).  The  separation 
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in  the  drawing  is  made  greater  tlian  occurs  in  reality  to  render 
the  fact  more  evident.  Of  these  coloured  rays,  an  eye  can  only 
receive  one  at  a time  from  the  same  drop,  which  drop  will  then 
appear  of  the  colour  of  the  ray ; hut  for  the  same  reason  that 
seven  eyes  placed'in  a line  from  above  downwards,  as  at  7,  6,  5, 
&c.,  on  the  right,  would  be  required  to  see  the  seven  colours 
from  one  drop  in  the  bow,  so  one  eye  looking  in  the  direction  of 
seven  drops  situated  in  a corresponding  row,  as  from  1 to  7 on 
the  left,  will  catch  the  lower  or  red  ray  of  the  upper,  the  orange 
or  second  ray  of  the  next,  the  yellow  or  third  ray  of  that  which 
follows,  and  so  on,  while  it  will  lose  all  the  others,  and  thus 
will  see  the  several  drops  as  if  they  were  each  of  one  colour 
only.  Of  such  elements,  then,  found  in  the  same  relative 
directions  all  around  the  sky,  the  whole  arch  is  formed.  No 
two  eyes,  even  of  the  same  person,  can  see  the  same  rainbow, 
that  is,  can  receive  light  from  the  same  ch’ops  at  the  same  time  ; 
and  the  same  eye  does  not  for  two  instants  receive  light  from 
the  same  drops. 

We  have  liei’e  described  what  is  called  the  principal  bow, 
formed  in  the  di’ops  by  two  refractions,  and  one  reflection  of 
light.  To  produce  the  fainter  second  or  external  bow,  men- 
tioned above,  and  of  which  the  colours  are 
in  reverse  order,  the  light  which  enters  on 
the  under  side  of  the  drop,  as  at  a,  is  re- 
flected first  at  y,  then  again  at  h,  and  escapes 
at  c towards  the  eye : after  two  reflections 
as  well  as  two  refractions.  As  the  semi- 
diameter of  this  bow  is  108°,  it  may  be 
visible  when  the  internal  bow  is  not. 

An  artificial  rainbow  may  be  produced  in  sunshine  at  any 
time  by  scattering  water  into  drops  from  a whirling  brush  or 
otherwise,  on  the  side  away  from  the  sun  at  a moderate  height ; 
and  a rainbow  is  often  seen  among  the  spray  of  a lofty  water- 
fall, or  of  waves  in  a storm.  The  cut-glass  ornaments  of  chan- 
deliers, &c.,  produce  colours  on  the  same  principle  as  rain-drops. 
Mist  and  particles  of  frozen  water  between  a luminous  body  and 
the  eye,  produce  the  circular  halos  with  little  colour  often 
observed  around  the  sun  and  moon.  A wliite  halo  is  light  reflected 
from  the  external  surfaces  of  drops  or  solid  particles. 
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' “ Mirrors,  may  he  plane,  convex,  or  concave  ; and  certain  cur- 
vatures tvill  produce  images  hy  reflection,  just  as  lenses 
produce  images  hy  refraction;  in  consequence  there  are 
reflecting  telescopes,  microscopes,  ^e.,  as  there  are  refracting 
instruments  of  the  same  names.”  (See  the  Analysis, 
page  498.) 

1156.  While  a plane  surface  reflects  light,  so  that  what  is 
called  the  image  in  it  of  a known  object  in  front  may  readily 
be  mistaken  for  the  reality,  convex  or  concave  min-ors  reflect 
as  if  every  distinct  point  of  them  were  a separate  exceedingly 
small  plane  mirror,  and  their  effects  on  light  depend  on  the 
relative  inclination  of  the  different  parts.  The  forms  of  import- 
ance are  the  regularly  spherical  and  the  parabolic  concave,  and 
convex  mirrors.  (See  the  Appendix.)  These  produce  on  light 
effects  similar  to  those  of  lenses,  only  the  concave  mirror  answers 
to  the  convex  lens,  and  the  convex  mirror  to  the  concave  lens. 
It  is  the  concave  mirror,  as  a speculum,  which  gathers  the  light 
to  form  the  images  in  the  most  powei’ful  telescopes  that  exist, 
as  those  of  Herschel,  Lord  Eosse,  and  others.  Admu-able  as  is 
the  refracting  telescope,  it  still  falls  short  in  certain  respects  of 
the  telescope  acting  by  reflection. 

1157.  In  a hollow  sphere,  or  part  of  a sphere  with  polished 
internal  surface,  if  rays  radiate  from  the  centre  in  all  directions, 
they  reach  every  part  perpendicularly,  and 
therefore  are  thrown  back  to  the  centre 
(1141).  Thus,  if  A B were  part  of  a con- 
cave spherical  mirror,  of  which  C were  the 
centre,  rays  issuing  from  C would,  in  obe- 
dience to  the  law,  that  “ the  angle  of  incidence  and  reflection 
are  equal,”  again  meet  at  C. 

1158.  It  can  be  proved  also,  that  any  ray  parallel  to  the  axis 
of  the  mirror,  falling  upon  such  a mirror,  will  be  reflected 
inwards  so  as  to  cut  the  axis  half-way 
between  the  mirror  and  its  centre, 
viz.,  at  D,  the  centre  being  C.  Then, 
as  all  parallel  rays  must  meet  in  the 
same  point,  that  point  becomes  a 
focus,  as  already  explained  for  lenses,  and  there,  when  the 
mirror  is  held  towards  the  sun,  an  image  of  the  sun  wiU  be 
formed,  as  in  the  focus  of  a lens.  This  point  is  called  the  prin- 
cipal focus  of  the  mirror. 
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For  the  same  reason  that  parallel  rays,  when  reflected,  meet 
in  the  focus,  so  will  rays,  issuing  from  the  focus  towards  the 
mirror,  become  parallel,  after  reflection,  as  seen  above  or  in  the 
figure  (Art.  875) ; and  if  they  be  then  caught  in  a second  and 
0})posite  mirror,  as  also  represented  at  (875),  corresponding 
effects  will  follow. 

1159.  Now,  for  a concave  mirror,  as  already  explained  for  a 
lens,  in  whatever  direction  a pencil  or  cone  of  rays  may  fall 
upon  it,  they  are  equally  brought  to  a focus  somewhere  in  the 
line  of  the  central  ray  of  the  pencil,  and  when  the  rays  fall  on 
the  min'or  with  a certain  obliquity  from  one  side  of  its  axis,  as 

A.  here  from  A,  the  central  ray 
of  that  being  A d,  and  the 
axis  of  the  mirror  being  C d, 
their  focus  will  be  with  the 
same  obliquity  on  the  opposite 
side  of  the  axis  as  here  shown 
at  a,  in  the  direction  d a,  following  the  central  ray  in  its 
reflection,  and  therefore  the  mirror  will  form  an  inverted  image 
of  any  object  placed  before  it,  just  as  a lens  does ; and  the  image 
will  be  near  or  distant,  and  large  or  small,  accordhig  to  the 
divergence  of  the  approaching  rays,  exactly  as  happens  with 
lenses.  Thus,  the  camera  obscura,  magic  lantern,  telescopes, 
and  microscopes,  may  all  be  formed  by  mirrors,  as  they  are 
formed  by  lenses.  Moreover,  concave  mirrors  magnify,  and 
convex  min-ors  minify,  as  lenses  of  the  opposite  names  do.  The 
two  subjects,  therefore,  of  images  by  refraction  and  by  reflection 
run  so  nearly  parallel,  that  it  would  be  useless  repetition  here 
to  enter  upon  the  detailed  consideration  of  the  latter,  and 
we  shall  be  content  with  showing,  further,  why  a concave 
mirror  magiiifies,  and  why  a convex  mirror  minifies. 

1160.  A concave  mirror  magnifies  because  a ray  of  light 
nearly  parallel  to  the  axis  of  the  mu-ror,  passing  from  the 

top  of  the  cross  A,  to  the  part 
of  the  mirror  where  it  will 
be  reflected  to  an  eye  placed 
near  the  focus  F,  seems  to 
the  eye  to  come  from  C,  and 
the  light  from  B similarly  ap- 
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pears  to  come  from  D,  so  that  the  cross  A B,  by  the  reflection, 
seems  to  the  eye  to  be  of  the  greater  dimensions  C 1). 

1161.  In  a convex  mirror,  again,  for  corresponding  reasons, 
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the  cross  A B reflected  appears  only  as  C B,  and  therefore 
smaller  than  the  reality. 

Concave  or  magnifying  mirrors,  are  ^ 

often  used  by  persons  in  shaving. 

A convex  mirror  hanging  from  the 
ceiling,  is  a common  ornament  in 
apartments,  exliibiting  a pleasing  minia- 
ture of  the  room  and  its  contents. 

1162.  Any  polished  convex  body  is  a mirror,  and  therefore 
the  cornea  of  the  human  eye  is  one,  in  which  persons  may  contem- 
plate most  perfect  miniatures  of  a window  or  any  bright  object. 
It  is  the  image  of  the  window,  or  of  the  sun  in  the  convex 
mirror  of  the  eyeball,  which  painters  usually  represent  by  a 
spot  of  white  paint  there,  sometimes  without  knowing  what  it 
represents ; and  a similar  luminous  spot  or  line  must  be  made 
when  they  have  to  picture  almost  any  of  the  pieces  of  furniture 
which  have  rounded  polished  surfaces,  as  bottles,  glasses,  smooth 
pillars,  &c. 

Convex  lenses  thus  are  also  mirrors  to  all  the  objects  aroimd 
them,  and  very  strikingly  so,  omng  to  the  perfect  form  of  a 
lens.  The  polished  back  of  a watch,  in  the  same  way  often 
attracts  the  attention  of  a child,  who  wonders  to  see  there  so 
clearly  his  own  features. 

It  has  been  a mathematical  amusement  to  calculate  what 
kind  of  distortion  mirrors  of  unusual  forms  must  produce,  and 
then  to  make  distorted  drawings,  which  when  reflected  from 
such  mirrors,  will  produce  in  the  eye  the  natural  form  of  the 
objects. 

1163.  When  a concave  mirror  is  used  for  a telescope,  the  image 
formed  in  front  of  it,  to  be  examined  through  the  magnifying 
eye-glass,  may  be  viewed  in  various  ways, — first,  as  in  HerscheVs 
telescope,  by  the  spectator  turning  his  back  to  the  real  object, 
and  looking  in  at  the  mouth  of  the  telescopic  tube,  near  to  the 
edge  of  which  the  image  is  thrown  by  a shght  inclination  of 
the  mirror  at  its  bottom : — or,  secondly,  as  in  the  Newtonian 
telescope,  through  an  opening  in  the  side  of  the  tube  after 
being  reflected  by  a small  plane  mu’ror  placed  diagonally  in  the 
centre  of  the  tube ; — or,  thirdly,  as  in  the  Gregorian  telescope, 
through  an  opening  cut  in  the  centre  of  the  principal  mirror  or 
speculum,  after  being  reflected  towards  that  opening  by  a 
smaller  mirror  placed  in  the  centre  of  the  tube  with  its  face 
towards  the  observer ; this  last  arrangement  is  that  preferred 
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for  small  telescopes,  because  the  spectator,  while  seeing  the 
image,  is  also  looking  in  the  direction  of  the  object. 

11G4.  Keflecting  telescopes  have  the  advantage  of  being  per- 
fectly achromatic,  that  is,  of  producing  the  images  quite  free 
from  coloured  or  rainbow  edges;  for  compound  light  is  reflected, 
although  not  refracted,  entire,  all  the  colours  following  the  one 
law  of  equal  angles  of  incidence  and  reflection. 

1165.  Herschel’s  largest  telescope  had  a mirror  of  48  inches 
in  diameter,  and,  therefore,  to  form  images,  collected  about 
150,000  times  more  light  than  can  enter  the  pupil  of  an  unas- 
sisted eye,  forming,  with  that  light,  at  a focal  distance  of  40 
feet,  a large  image  admirably  distinct.  It  was  with  this  tele- 
scope that,  in  the  obscurity  of  remote  space,  Herschel  discovered 
the  immense  planet  rolling  along,  which  in  honour  of  his  royal 
patron,  he  called  the  Georgium  Siclus,  but  which  now,  by  the 
decision  of  the  scientific  world,  is  called  Uranus  ; — and  with 
this  he  discovered  moons,  before  unseen,  of  other  planets,  and  he 
unravelled  many  of  the  celestial  nebulae  and  clustered  stars  of 
the  milky  way,  and,  in  a word,  unveiled,  vastly  more  than  had 
before  been  done,  the  system  of  the  boundless  universe.  If  this 
world,  with  men  upon  it,  last  for  millions  of  years,  the  dis- 
coveries made  through  Herschel’s  telescope  must  mark  a memo- 
rable epoch  of  its  earlier  history. 

1166.  Other  steps  of  advancement  have  been  made  since 
Herschel’s  time.  Lord  Rosse  has  constructed  a reflecting 
speculum  nearly  twice  as  large  as  Herschel’s;  and  Mr.  Foucault, 

’ of  the  French  Institute,  has  laboured  with  admirable  skill  in 
forming  good  specula  or  mirrors  of  glass  coated  with  metal. 
The  expense  of  such  is  less  than  of  merely  metallic  reflectors 
like  those  of  Herschel,  and  it  is  hoped  that  difficulties  which 
stiU  attend  them  will  be  overcome. 

“ Light  reflected  from,  or  traversing  bodies  of  irregular  surface 
and  structure,  or  which  have  other  'peculiarities,  is  so  modi- 
fied as  to  produce  all  the  phenomena  of  colour  and  varied 
brightness  seen  among  natural  bodies,  giving  them  their 
distinctive  characters  and  beauty.'"  (See  the  Analysis, 
page  498.) 

1167.  General  remarks  on  this  part  of  our  subject  were  made 
in  the  beginning  of  the  section,  in  the  explanations  of  how 
objects  not  self-luminous  become  visible  by  reflecting  the  light 
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coming  from  otlier  bodies,  and  of  liow  the  prism  separates  a ray 
of  white  light  into  rays  of  the  several  colours  which  are  seen  in 
tlie  raiuhow — which  rays,  on  being  again  mixed,  become  white 
light  as  before : — and  much  beyond  these  remarks  we  have  not 
the  intention  of  now  proceeding.  To  give  an  account  of  all  that 
has  been  plausibly  conjectured  and  said  on  the  subject,  would 
occupy  the  pages  of  a whole  volume.  There  would  be  to  pass  in 
review  the  various  opinions  which  have  existed  respecting  the 
substance  of  light,  the  numerous  facts  connected  with  what  is 
called  the  polarisation  of  light,  the  relation  of  light  in  its 
double  or  multiple  refraction,  to  the  ultimate  structure  of  material 
masses,  &c..  Subjects  all  in  certain  respects  very  interesting ; 
but,  as  some  of  them  are  not  yet  satisfactorily  investigated,  as 
respecting  others,  discordant  opinions  prevail,  as  they  involve 
few  matters  yet  hearing  on  practice,  and  as  many  of  the 
reasonings  concerning  them  rest  on  mathematical  knowledge 
not  yet  made  part  of  common  education,  they  are  held  not  to 
be  for  the  present  fit  parts  of  a popular  treatise  on  light.  It  is 
well  to  state,  however,  that  persons  who  have  the  leisure, 
and  the  mathematical  preparation  necessary  for  pursuing  the 
study,  will  have  their  labour  richly  rewarded. 

1168.  We  shall  only  add  here,  that  white  light  in  falling 
upon  any  transparent  substance,  as  air,  water,  or  glass,  formed 
into  thin  plates  or  films,  is  so  alfected,  that  for  certain  degrees  of 
thinness,  different  for  each  substance,  it  is  decomposed,  and  is 
reflected  or  is  transmitted  not  as  white  light,  but  as  some  of  the 
prismatic  colours,  and  that  the  colour  reflected  in  any  case  . 
is  the  opposite  or  complement  of  that  which  is  transmitted — that 
is  to  say,  is  such  that  the  two  brought  together  make  nearly 
white  light  as  before.  Such  facts  may  be  studied,  as  Newton 
originally  studied  them,  in  the  thin  plate  of  air  which  occupies 
the  space  between  a convex  lens  and  a plane  surface  of  glass 
upon  which  the  lens  rests, — in  which  plate,  as  the  distance  from 
the  point  at  the  centre  or  of  the  apparent  contact  of  the  glasses 
increases,  there  are  all  degrees  of  thinness,  and  with  these 
ajjpear  successive  rings  of  vivid  colours.  The  same  truth  is  ex- 
emplified, in  the  colours  of  a soap-bubble,  which  brighten  as  the 
bubble  swells  and  becomes  of  thinner  substance,  and  of  different 
thickness  from  above  downwards ; and  it  is  exemplified  also 
in  the  colours  seen  in  the  fissures  of  cracked  ice  or  crystalline 
gpars,  and  in  numerous  other  common  facts.  Whatever  be  the 
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reasons  of  such  decomposition  or  modifications  of  light — and  the 
explanation  is  not  yet  complete — we  cannot  donbt  that  in 
natural  bodies  generally,  the  colours,  opacity,  transparency,  &c., 
depend  greatly  upon  the  structure  or  arrangement  of  the 
minute  particles,  fibres  or  plates,  with  included  interstices, 
which  constitute  the  volume  or  structure  of  each  mass.  Ac- 
cordingly, whatever  changes  these  arrangements,  may  change 
also  the  colour  of  the  mass.  Thus,  by  drawing  a certain  number 
of  very  minute  lines  on  a certain  extent  of  any  metallic  surface, 
we  may  make  it  almost  of  what  colour  we  please.  Mother-of- 
pearl  owes  its  vivid  colours  and  beauty  to  its  minutely  furrowed 
or  striated  surface,  as  is  proved  by  our  taking  an  impression  of 
that  surface  on  sealing-wax,  and  perceiving  that  the  wax  then 
exhibits  similar  colours. 

1169.  In  the  meantime,  the  investigations  in  progress  re- 
specting the  phenomena  of  light,  are  furnishing  new  proofs  of 
the  marvellous  simplicity  of  nature,  amidst  the  boundless 
extent  and  most  curious  variety.  When  men  thought  of  the 
sense  of  touch,  chiefly  as  produced  by  pressure  on  the  tips  of 
the  fingers,  or  elsewhere  on  the  skin,  they  were  far  from  sus- 
pecting that  the  sense  of  hearing  had  the  near  relation  to  it 
. which  subsequent  discoveries  have  proved,  namely,  that  it  is 
only  a more  soft  or  delicate  pressure,  made  by  undulations  of 
the  air  or  other  substances  on  nerves  protected  within  the  cavity 
of  the  ear ; and  still  less,  did  they  suspect  that  the  sense  of 
sight  was  but  a yet  finer  touch  than  hearing,  produced  by  still 
more  subtle  vibrations  of  a medium  of  light  on  the  interior 
nerves  of  the  eye.  But  step  by  step  they  have  ascertained  the 
facts  mentioned.  And  it  is  a curious  resemblance  that,  while  in 
sound,  different  tones  or  notes  depend  on  the  number  of  vibra- 
tions in  a given  time,  so  in  light  do  different  colours  seem  to 
depend  on  the  number  and  extent  of  the  vibrations  of  the  more 
subtle  medium,  on  which  the  phenomena  of  light  depend.  The 
human  imagination  cannot  picture  to  itself  a simplicity  more 
fruitful  of  marvellous  beauty  and  utility  than  all  this ! And  yet 
farther,  as  air  answers  in  the  universe  innumerable  important 
purposes  besides  that  of  conveying  sounds,  so  also  does  the 
medium  of  light  minister  in  numerous  ways,  as  in  connection 
with  the  phenomena  of  heat,  electricity,  magnetism,  and  life. 

The  truths  now  posititively  ascertained  with  respect  to  the 
nature  of  light  and  vision,  are  among  those  in  the  wide  field  of 
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scientific  inquiry,  whicli,  acting  on  ordinary  mental  susceptibility, 
place  tlie  student  as  it  were  in  the  very  midst  of  the  work  of 
creation,  awakening  the  most  elevated  thoughts’  of  which  the 
human  mind  is  capable.  Had  there  been  no  light  in  the  universe, 
everything  else  in  it  had  been,  in  regard  to  man,  utterly  value- 
less. In  a word,  he  could  not  have  existed.  But  the  material 
of  light  does  exist,  peiwading  all  space  ; and  impressions  made  on 
it  in  one  place  extend  rapidly  over  the  universe,  in  the  pro- 
gressive movement  called  rays  or  beams  of  light.  These  beams 
from  all  parts  coming  to  every  individual,  may  be  regarded 
as  millions  of  supplementaiy  arms  or  feelers  belonging  to  the 
individual,  and  maldng  him  almost  everywhere  present ; then 
these  members  or  feelers  have  no  weight,  they  are  never  in  the 
way,  tliey  impede  nothing,  and  they  are  only  known  to  exist 
when  they  can  render  service  ! 

1170.  But  as;ain  this  miracle  of  Light  would  have  been 
totally  useless,  had  there  not  been  the  twin  miracle  of  the  Eye, 
an  organ  of  corresponding  delicacy,  to  perceive  the  light.  In 
the  Etje,  is  to  be  considered  the  round  window  called  the 
cornea,  of  perfect  transparency,  placed  exactly  in  the  fore  part 
of  the  precious  globe  (and  elsewhere  it  had  been  useless) ; 
then  exactly  behind  this,  is  the  circular  curtain,  the  iris,  with 
its  opening,  called  the  pupd.,  dilating  and  contracting,  without 
consciousness  of  the  person,  to  suit  the  varying  intensity  of 
light ; and  exactly  behind  the  iris,  again,  is  the  crystalline  lens 
possessed  of  the  remarkable  power  of  bending  the  entering 
light,  to  form  on  the  retina  perfect  pictures  or  images  of  all  the 
objects  in  front; — the  most  sensible  portion  of  the  retina  being 
just  where  the  images  fall.  Of  these  parts  and  conditions,  had 
any  one  been  otherwise  than  just  as  it  is,  the  whole  eye  had 
been  useless,  and  light  useless,  and  therefore  the  whole  world 
useless  to  man.  Tlien,  further,  we  find  that  this  wondrous  organ 
is  placed  in  the  person,  not  as  if  by  accident,  anywhere,  but 
aloft  on  a befitting  eminence,  where  it  becomes  as  the  watch- 
tower  of  the  soul ; and,  again,  not  so  that  to  alter  its  direction 
tlie  whole  person  must  turn,  but  in  the  head,  which  on  a pivot 
of  very  peculiar  structure  moves  while  the  body  is  at  rest ; 
besides  that,  the  ball  of  the  eye  itself,  by  its  muscles,  can 
turn  in  its  adapted  socket  as  the  will  directs,  sweeping  in- 
stantly round  the  horizon,  or  above  the  head  across  the  whole 
heavenly  concave ; then  is  the  delicate  orb  secured  in  a strong 
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socket  of  bone,  over  which  is  placed  the  arched  and  padded  eye- 
brow, to  mitigate  the  sliock  of  any  accidental  blow,  and  with  its 
inclined  hairs  to  turn  aside  any  de.scending  perspiration  or  other 
moisture  which  might  incommode ; then  is  there  the  soft  and 
pliant  eyelid  with  its  beauteous  fringes,  incessantly  wiping  and 
moistening  the  polished  surface,  and  spreading  over  it  a pure 
moisture  poured  out  from  the  laclu-ymal  glands,  of  which  mois- 
ture the  superfluity,  by  a nice  mechanism,  is  sent  into  the 
nostril,  there  to  be  evaporated  by  the  current  of  the  breath: 
still  further,  we  have  to  note,  that  instead  of  there  being  only 
one  so  precious  organ,  there  are  two,  lest  one,  by  any  accident, 
should  be  destroyed,  but  which  two  have  so  entire  a sympathy, 
that  they  act  together  as  one  doubly  powerful ; and,  finally,  the 
sense  of  sight  continues  perfect  from  the  birth  of  the  individual 
to  the  maturity,  although  during  growth  a continual  adjustment 
to  one  another  of  all  the  delicate  parts  has  to  be  maintained ; 
and  the  pure  liquid  which  distends  the  eyeball,  if  rendered 
turbid  by  any  accident,  is  by  the  actions  of  life,  although  its 
source  be  the  thick  red  blood,  gradually  restored  to  purest 
transparency. 

The  mind  which  can  suppose  or  admit  that,  by  chance  or 
without  design,  during  any  length  of  ages,  one  single  such  appa- 
ratus of  vision,  ag  above  described,  could  have  been  produced, 
must  surely  want  the  higher  faculties  of  reason  which  distin- 
guish man  from  the  lower  animals. 

As  a concluding  reflection  with  respect  to  vision,  it  may  be 
remarked  that  all  the  provisions  above  considered  have  mere 
utility  in  view,  as  any  one  of  them  being  absent  would  leave  a 
necessary  link  in  the  complex  chain  wanting,  and  there  would 
not  be  orderly  method : but,  we  have  shown  in  a preceding  part 
of  the  work,  that  if  there  had  been  white  light  only,  susceptible 
as  now  of  different  degrees  of  intensity  and  shade,  the  merely 
useful  purposes  of  vision  would  have  been  answered  nearly  as 
well  as  with  all  the  colours  of  the  rainbow — a truth  instanced  in 
the  facts,  that  some  persons  do  not  distinguish  colours,  and  that 
it  imports  not  whether  a person  view  objects  in  the  morning,  or 
at  mid-day,  or  at  even-tide,  or  through  plane  glass  or  colom-ed 
glass,  provided  there  be  light  and  shade  enough  to  show  shape 
and  position  clearly.  While,  therefore,  the  existence  of  light 
generally,  and  of  the  eye,  points  to  creative  power  and  intelli- 
gence, the  existence  of  colours,  in  the  variety  seen  in  flowers,  in 
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the  plumage  of  birds,  in  the  ever-varying  aspects  of  the 
earth  and  heavens — because  acting  so  directly,  to  give  delight  to 
animated  beings,  proclaims  creative  benevolence,  and  naturally 
awakens  in  human  minds  towards  the  Supreme  Author  of  all, 
many  of  the  feelings  associated  during  this  transient  scene  with 
the  endearing  name  of  father. 


PAKT  IV. 

Section  III.  On  Electricity. 

1171.  As  a preface  to  the  account  now  to  be  given  of  what  may 
be  called  the  last  great  step  in  advance  made  by  man  in  know- 
ledge of  the  world  around  him,  and  of  new  useful  purposes  to 
be  served,  namely,  knowledge  of  electricity,  it  is  opportune 
to  make  a few  remarks  on  Man’s  Progress  generally  as  con- 
trasted with  the  stationary  condition  of  inferior  beings. 

There  is  clear  evidence  in  history,  and  in  still  enduring 
results  of  human  agency  in  very  remote  past  time,  that  in 
all  countries  the  population  had  long  existed  before  acquiring 
the  kinds  of  knowledge  and  arts  which  now  distinguish  civilized 
from  savage  men.  And  in  many  countries  the  steps  can  be 
distinctly  traced  by  which,  through  the  exercise  of  human 
intelligence,  advances  w^ere  made. 

In  Britain,  for  instance,  as  stated  by  Macaulay  in  his  history, 
“the  inhabitants,  when  first  visited  by  the  Tyrian  mariners, 
were  in  condition  little  superior  to  the  natives  recently  of  the 
Sandwich  Islands  f and  when  Julius  Caesar  afterwards  invaded 
the  country  httle  change  had  taken  place.  They  dwelt  in  mud 
hovels  among  the  trees  of  the  uncleared  forests.  They  scarcely 
practised  tillage  of  the  ground.  Their  bodies  were  scantily 
covered  with  the  rough  skins  of  animals,  or  paint.  They  were 
divided  into  ti’ibes,  often  at  war  among  themselves.  Them 
religion  was  a wild  superstition  leading  to  human  sacrifices. 

Then,  also,  the  people  of  ancient  Greece,  who  afterwards 
became  the  most  advanced  on  earth,  once  existed,  according 
to  their  own  historians,  Herodotus  and  Thucydides,  nearly  in 
the  condition  of  the  early  Britons  as  above  described.  They 
formed  numerous  small  tribes,  occupying  not  very  fixedly  different 
districts  or  islands,  and  treating  one  another  much  as  in  later 
times  pirates  have  treated  those  whom  they  assailed.  They 
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would  land  on  any  coast  supposed  to  be  ill-defended,  to  seize 
the  food  or  other  property  to  be  found  there,  slaying  the  men 
who  resisted,  and  carrying  away  women  and  children  to  be 
slaves.  I hey  gloried  in  successful  piracy.  Domestic  service 
among  them,  and  the  labour  required  in  the  rude  arts  then 
known  among  them,  were  performed  chiefly  by  individuals  of 
other  tribes  who  had  been  made  captives  in  war. 

1172.  These  rude  Greeks,  however,  living  in  a region  and 
climate  singularly  favourable  to  the  development  of  the  liigh 
endowments  of  mind  and  body  possessed  by  man,  gradually 
changed  their  modes  of  action,  and  within  a few  centuries  carried 
all  the  sciences  and  arts  of  civilization  then  known,  to  degrees  of 
advancement  far  surpassing  what  existed  elsewhere.  ' Some 
of  their  wise  men  or  philosophers;  as  Thales  and  Pythagoras, 
often  at  personal  risk,  travelled  to  the  then  more  civilized 
countries,  as  Egypt  and  the  East,  to  gather  any  knowledge 
which  these  could  impart,  and  returning  home  they  secured 
possession  of  what  they  had  learned,  by  recording  all  in  va-itings 
in  their  own  beautiful  language.  And  in  every  department  they 
themselves  soon  added  largely  to  the  existing  stock.  Many  of 
these  Greek  books  remain  to  the  present  time — the  admiration  of 
the  most  cultivated  minds  in  all  countries.  The  names  of 
Homer,  Thucydides,  Demosthenes,  Aristotle,  Euclid,  Archimedes, 
among  others,  have  not  been  eclipsed  by  any  which  have  at- 
tracted notice  in  later  time.  In  the  solid  works  of  architecture 
and  sculpture,  some  of  the  very  objects  formed  by  the  hands  of 
contemporaries  of  the  sages  above  enumerated  are  still  in  ex- 
istence, serving  as  lessons  to  men  of  the  present  day. 

Surprise  has  been  expressed  that,  with  the  high  powers  of 
intellect  possessed  by  man,  the  progress  towards  much  of  the 
knowledge  and  art  now  existing  should  have  been  so  slow.  One 
of  the  great  impediments  has  been  that  wars  have  very  con- 
stantly raged  between  the  nations  of  the  earth,  originating  in 
the  ignorance  of  the  masses,  and  the  low  animal  passions,  little 
controlled  by  reason,  of  the  individuals  raised  to  authority. 
Thereby  free  intercourse,  with  interchange  of  knowledge,  was 
prevented,  and,  generally,  the  most  gifted  individuals  have  had 
their  energies  altogether  absorbed  in  the  contentions  of  war 
instead  of  in  the  pursuit  of  means  tending  to  increase  human 
happiness. 

1173.  It  illustrates  how  wars  interfere  with  human  progress,  to 
recall  the  fact  that  notwithstanding  the  rare  mental  abilities 
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displayed  by  tlie  Greeks,  they  conld  not  defend  tliemselves 
against  the  military  strength  of  the  Homans — a nation  of  war- 
riors seeking  the  universal  dominion  which  they  ultimately 
achieved.  The  Greeks,  when  subdued  by  the  Komans,  in  losing 
their  freedom,  were  drawn  from  their  nobler  pursuits.  The 
conquerors  adopted  much  of  the  science  and  literature  of  the 
Greeks,  but  continued  to  follow  their  career  of  ambition.  They 
sank  at  last  under  the  despotism  of  military  chiefs  or  emperors, 
and  being  then  ruled  by  a single  will  instead  of  by  the  united 
wisdom  of  a senate,  vices  and  misgovernment  gradually  crept  in 
among  them  and  undermined  the  national  power.  They  were 
overwhelmed  in  the  end  by  warlike  nations  of  unlettered  bar- 
barians from  the  north  and  east, — Goths,  Vandals,  Northmen, 
&c.  In  its  fall,  their  empire  was  divided  into  portions  which  have 
become  the  separate  kingdoms  of  modern  Europe.  The  invaders, 
although  rude  and  ignorant,  were  brave,  and  many  had  high 
natural  endowments.  After  the  dismemberment  of  the  empire, 
ages  followed,  during  which  little  new  addition  was  made  to 
science,  and  not  a little  of  old  science  was  lost.  The  new  feudal 
chiefs,  and  their  followers,  cared  little  at  first  for  science  or 
literature ; or  rather  des^Dised  these  as  not  being  connected  with 
martial  glory,  and  the  people  generally  almost  ceased  to  read. 

In  the  meantime,  however,  a benign  influence  was  operating 
of  the  new  religion,  preached  in  Judea,  which  included  the  pre- 
cepts, “ Do  as  you  would  be  done  unto,”  “ Love  one  another 
in  other  words,  which  inculcated  universal  justice  and  charity. 
The  condition  of  the  world  has  since  then  been  gradually 
changing  in  accordance  with  these  divine  precepts.  All  civihzed 
nations  now  adopt  the  words,  but  general  practice  is  yet  far  from 
obeying  the  rules. 

When  a more  tranquil  state  of  the  European  mind  had  arisen, 
individuals  of  high  mental  power  began  to  work  well,  as  of  old 
in  Greece,  and  the  writings  of  the  ancient  Greeks  were  again 
studied.  Valuable  new  discoveries  in  science  and  art  were  made, 
and  improvements  on  old  discoveries  of  equal  importance  with 
the  new.  Among  these  were  the  invention  of  gunpowder,  of 
the  art  of  printing,  and  of  the  mariner’s  compass,  and'  many 
others. 

1174.  In  the  year  1480  the  conviction  came  to  the  noble 
Columbus,  that  this  earth  was  not,  as  was  generally  believed  and 
asserted  by  the  highest  authorities,  an  extended  surflice  nearly 
level,  but  a ball  or  globe  on  which,  all  round,  the  inhabitants 
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were  distributed,  and  that  a ship  could  reach  the  East  Indies 
by  sailing  westward,  as  certainly  as  by  rounding  the  Cape  of  Good 
Hope  to  tlie  east.  The  first  voyage  planned  by  him  proved  the 
soundness  of  his  views ; but  he  found  lying  in  his  way  a new  hemi- 
s})here,  or  half  of  the  world,  now  called  America,  until  that  time 
quite  unknown  to  Europeans.  Then  came  the  proofs  gathered 
and  arranged  by  Copernicus  the  Danish  monk,  and  Galileo  the 
Italian  professor,  that  this  earth  was  not,  as  asserted  by  tire 
authorities  of  the  time,  the  fixed  centre  of  the  universe,  round 
which  the  sun  and  stars  were  revolving,  but  one  of  a number  of 
lilanets,  some  larger,  some  smaller  than  it,  revolving  about  the 
sun  as  a centre.  Galileo  was  the  inventor  also  of  the  telescope 
and  of  the  pendulum,  which  now  measures  time.  His  pupil, 
Torricelli,  invented  the  mercurial  barometer.  Then  came  the 
most  comprehensive  discovery  of  all,  by  Sir  Isaac  Newton,  of 
the  law  of  universal  gravitation.  Gradually  afterwards  it  was 
discovered  by  chemical  processes,  that  all  the  bodies  in  nature, 
solid,  liquid,  or  aeriform,  consist  of  a few  simple  elementary 
substances  variously  combined.  Such  was  the  kind  of  progress. 

1175.  In  the  course  of  the  last  century  many  important  dis- 
coveries had  been  made ; and  it  was  commonly  said  that  dm-ing 
that  one  century  a greater  advance  had  taken  place  than 
during  several  centuries  before.  And  showing  a rapidity  of 
progress  still  greater  since  then,  young  readers  will  be  surprised 
to  learn  that  when  many  of  the  persons  now  living  were  born, 
there  was  not  in  the  world, 

A railway, 

A gaslight, 

A marine  steam-engine. 

An  iron  ship,  or  house,  or  bridge. 

Photographic  views  or  pictm-es. 

The  penny  postage. 

The  electric  telegraph, 

&c. 

Were  the  world  now  to  lose  these  again,  or  even  any  one  of 
them,  many  persons  would  deem  the  change  a relapse  towards 
barbarism.  The  inventors  of  the  two  last-named  novelties.  Sir 
Eowland  Hill  and  Professor  Wheatstone,  still  living  among  us, 
were  members  of  a small  society  of  friends  who  met  periodically 
at  each  other’s  houses  to  converse  on  matters  of  general  interest, 
— of  which  society  the  writer  had  tlie  pleasure  to  be  one. 
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We  proceed  in  tliis  section  to  state  what  is  now  known  of 
electricity  and  the  uses  made  of  it.  When  treating  in  paragraph 
(1173)  of  the  obligations  which  the  world  owed  to  the  ancient 
Greeks,  the  reflection  offered  itself,  how  incredible  it  would  have 
appeared,  even  to  the  far-seeing  Greeks,  that  the  highest  attri- 
bute which  the  popular  imagination  then  assigned  to  Jupiter, 
tlie  father  of  their  gods,  namely,  that  he  held  in  his  grasp 
the  obedient  lightning,  would  in  future  time  be  possessed  by 
any  person  desiring  it ! Yet,  truly,  the  matter  of  lightning  lies 
concealed  in  every  common  substance,  in  the  ground,  the  rocks, 
the  water,  and  can  be  called  into  activity  by  simple  artificial 
means  which  any  student  may  learn  to  use  ; and  the  lightning 
so  aroused  may  be,  and  is,  employed  as  the  common  carrier  of 
information  and  messages,  conveyed  with  lightning-speed  between 
the  most  distant  parts  of  the  earth — through  the  ocean  as  over 
the  land ; and  further,  men  are  now  able  to  produce  by  it,  any- 
where, heat  more  intense  than  that  of  the  fiercest  furnace,  light 
as  brilliant  almost  as  that  of  the  sun,  and  chemical  power  strong 
enough  to  break  up  the  most  resisting  unions. 


Anahjsis  of  the  Section  on  Electkicity. 

The  phenomena  called  electrical  are  nearly  all  explained 
by  supposing  that  there  exists — 

1.  A very  subtle  elastic  fluid  diffused  through  all  nature, 

2.  Having  no  weight  nor  inertia. 

3.  Being  self-repellent,  like  compressed  air  or  gas  ; 

4.  But  strongly  attractive  of  other  things, 

5.  Which  in  its  usual  tranquil  state  of  diffusion  and  equilibrium  is  un- 

perceived by  any  of  the  human  senses,  but  when  disturbed  can 
affect  them  all. 

6.  Its  equilibrium  is  disturbed  by  various  means,  as  by  friction  between 

two  bodies  of  different  lands.  This  occasions  a redundancy  in 
one  and  a deflciency  in  the  other,  the  one  seeming  to  gain  what  the 
other  loses.  The  flrst  is  said  to  be  positively  electrifled,  the  other 

negatively. 

7.  Electricity  acting  to  regain  its  equilibrium  passes  readily  through 

some  substances,  as  the  metals,  the  earth,  water,  dc.,  which  are 
therefore  called  conductors,  and  it  is  impeded  or  arrested  by  other 
substances,  as  by  glass,  silJc,  air,  dec.,  which  are  therefore  called 
non-conductors. 

8.  While  regaining  lost  equilibrium,  it  occasions  apparent  attractions 
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and  repulsions  among  the  ponderable  bodies  in  which  it  is  lodged. 
Hodics  similarly  electrified,  whether  positively  or  negatively,  repel 
each  other.  Idodies  dissimilarly  electrified  attract. 

9.  Electricity  can  force  its  way  through  a moderate  thickness  of  non- 
conducting substances,  as  air,  glass,  &c.,  appearing  then  as  a vivid 
sparlc  and  causing  a sharp  snap  or  noise. 

10.  A body  entirely  surrounded,  and  therefore  supported,  by  non-con- 

ducting substances,  is  said  to  be  insulated,  and  may  long  retain  an 
electrified  condition. 

11.  A much  greater  charge  of  electricity  can  be  accumulated  on  one  side 

of  a non-conducting  substance,  as  a pane  of  glass  or  the  interior 
of  a Leyden  filial,  than  if  diffused  over  a larger  mass  of  a con- 
ducting substance. 

12.  When  electricity  is  produced  by  the  mere  contact  of  different  sub- 

stances peculiarly  arranged,  as  in  the  voltaic  pile  or  battery,  it  is 
said  to  form  currents ; these  manifest  remarkable  powers,  as  in 
chemical  decompositions,  the  electric  telegraph,  dc. 


A second  conjecture  or  theory  respecting  the  nature  of  elec- 
tricity is,  that  there  are  two  electric  fluids,  each  being  self- 
repellent, but  strongly  attracting  the  other;  the  two  being 
neuter  when  in  due  degree  united,  but  active  when  separated. 
This  supposition,  however,  little  accords  with  the  magnifleent 
simplicity  of  general  nature,  and  many  minds  remain  in  suspense 
regarding  it.  In  fact,  neither  theory  explains  all  the  phenomena, 
but  either  aids  the  student’s  memory,  by  classifying  the  facts 
according  to  resemblances. 

1176.  When  students  open  a treatise  on  electricity,  and  find 
in  the  first  page  the  avowal  that  the  ultimate  cause  or  agent  is 
not  yet  fully  known,  they  may  fear  difficulty  in  comprehending 
a subject  on  which  professed  electricians  do  not  agree ; but  they 
will  become  aware  that  complete  knowledge  is  not  essential, 
provided  they  have  ascertained  laws  of  the  agency,  so  as  to  be 
able  to  command  results.  They  may  reflect  that  we  have  not 
yet  discovered  the  cause  of  gravitation,  but  that  the  illustrious 
Newton,  by  detecting  the  laws  of  its  action,  increased  most  re- 
markably men’s  knowledge  of  astronomy,  and  advanced  many  of 
the  most  useful  arts,  as  those  of  navigation,  the  constructing  of 
time-keepers,  &c.  Then,  further,  we  do  not  yet  know  completely 
the  nature  of  heat ; but  James  Watt,  by  discovering  certain  laws 
of  its  action,  was  led  to  the  construction  of  his  noble  steam- 
engine,  which  has  remarkably  elevated  the  condition  of  men 
upon  earth.  Neither  do  we  know  fully  the  nature  of  light. 


SIMPLE  APPAIIATUS. 


607 


but  we  have  learned  laws  of  its  motions,  which  give  us  spec- 
tacles, telescopes,  microscopes,  &c.  And  so,  although  men  may 
speculate  dilferently  with  respect  to  electric  fluids,  they  have 
learned  enough  of  the  laws  to  bo  able  to  defend  their  edifices, 
ships,  and  property  generally,  as  well  as  their  lives,  from  the 
destructive  thunderbolt,  by  placing  judiciously  lightning  con- 
ductors to  carry  the  fluid  safely  to  the  earth  ; and  they  have  now 
at  command  that  wonder  of  recent  times,  the  electric  telegraph. 
The  nearest  approach  to  knowing  well  some  hidden  thing,  is 
to  be  told  to  what  other  known  object  it  bears  a close  resem- 
blance. In  this  view,  we  have  spoken  of  electricity  in  the 

analvsis  above  offered. 

¥ 

Apparatus. 

1177.  It  is  interesting  to  know  how  few  the  simple  objects 
are  which  form  an  apparatus  sufficient  to  exhibit  the  fundamental 
facts  or  truths  of  electricity,  and  that  these  are  at  hand  in  every 
ordinary  dwelling-house.  A person  aware  of  this,  and  not 
choosing  to  make  the  easy  experiments,  Avould  show  singular 
disregard  of  important  natural  knowledge.  The  requisites 
are — 

1.  A silk  handkerchief  or  piece  of  woollen  cloth. 

2.  A piece  of  glass-tube,  as  Fig.  B,  or  a long  narrow  phial. 
Some  wine-glasses,  G-  H. 

3.  Small  round  pieces  of  cork  or  balls  of  alder-pith,  as  Fig.  N, 
hanging  from  any  support  by  threads  of  white  silk. 

4.  A stick  of  seahng-wax,  C. 

5.  A common  fire-poker,  or  any  rod  of  metal,  D. 


Experiments. 

1178  (a).  If  a glass  tube  B,  or  the  bottom  of  a wine-glass,  be 
rubbed  briskly  with  a silk  handkerchief  made  dry  and  warm. 
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and  if  it  be  then  held  toM'ards  the  cork  ball  Fig.  N,  hanging  from 
the  support  A by  a thread  of  white  sewing  silk,  the  ball  will  be 
drawn  or  attracted  from  the  position  A N to  that  of  A g,  nearer 
to  the  glass,  and  there  it  will  remain  while  the  position  and 
electrical  state  of  the  glass  continue.  If  the  glass  be  moved 
about,  the  ball  will  move  to  follow  it.  (Analysis  No.  8.) 

(5).  If  then  the  electrified  glass  and  ball  are  allowed  to 
touch  each  other,  the  ball  receiving  part  of  the  electricity  Avould 
instantly  dart  away  or  be  repelled  by  the  glass ; and  if  the  glass 
be  moved  towards  it  from  any  side,  it  will  elude  the  approach, 
like  a living  thing  terrified.  (Analysis  No.  8.) 

(c).  After  the  contact  of  the  glass  and  ball,  the  ball  will  have 
acquired  the  power  of  attracting  any  other  light  thing  placed 
near  it,  as  a second  ball  like  itself,  and  if  these  be  allowed  to 
touch,  they  will  instantly  repel  mutually,  as  the  glass  and  ball 
did  in  the  last  experiment. 

{d').  A glass  tube  being  a non-conductor  of  electricity,  if  held 
by  one  end,  loses  its  charge  only  slowly,  and  chiefly  to  the  air  ; 
but  if  a hand  be  passed  along  its  surface,  the  hand,  being  a con- 
ductor, carries  away  the  electricity,  and  the  natural  or  normal 
state  of  the  tube  is  restored.  (See  No.  7.)  So  an  electrified 
cork  ball,  which  attracts  and  is  attracted  by  things  around,  if 
allowed  to  touch  a finger,  loses  its  electricity  and  comes  to  rest 
in  the  natural  position  of  the  pendulum. 

(e).  If,  instead  of  one  ball  hanging  from  the  support,  there 
are  two,  and  in  contact  as  at  point  L,  on  touching  them  with  the 
electrified  glass,  they  dart  asunder,  and  if  the  glass  be  placed 
between  them,  they  separate  still  further. 

(/).  If  a metallic  rod  D,  as  a common  fire-poker  or  a length 
of  thick  wire,  which  are  conductors,  have  attached  to  it,  at  one 
end  L,  two  pith-balls  hanging  by  fine  wire  or  linen  thread,  and 
if  tlie  rod  be  insulated  by  being  supported  on  two  wine-glasses 
G and  H,  as  shown  above,  and  if  then  the  end  of  the  rod  M be 
touched  by  the  excited  glass-tube,  the  two  balls  at  the  end  L 
will  instantly  repel  each  other  as  if  the  glass  had  touched  them 
directly,  showing  that  the  metallic  rod  gives  instant  passage  to 
the  electricity  from  the  glass  to  the  balls.  The  rod  or  wire 
might  be  of  great  length,  and  still  the  effect  would  be  pro- 
duced. 

(^).  If  the  electricity  be  strongly  excited  on  a large  glass- 
tube  in  the  dark,  the  surface  is  often  slightly  luminous,  and 
minute  spaiks  are  seen  to  pass  from  the  glass  to  knuckles  held 
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near,  and  a slight  crackling  noise  is  heard,  showing  that  all  our 
senses  can  perceive  excited  electricity. 

(h).  The  set  of  experiments  described  above  may  be  per- 
formed more  feebly  by  using  the  silk  with  which  the  glass  had 
been  Tubbed,  as  the  electrifier,  instead  of  the  glass  itself,  but  with 
this  singular  difference,  that  the  bodies  which  are  attracted  by 
the  glass  are  repelled  by  the  silk,  and  vice  versa.  One  of  the 
rubbing  bodies  seems  to  gain  what  the  other  loses. 

(^).  There  is  the  same  remarkable  opposition,  if,  instead  of 
using  glass  and  silk  to  evolve  the  electricity,  a stick  of  sealing- 
wax  and  silk  or  woollen  cloth  are  employed.  The  electricity 
from  the  sealing-wax  is  of  the  contrary  nature  to  that  from  the 
glass,  and  of  the  same  nature  as  that  from  the  silk  which  has 
rubbed  the  glass. 

1179.  These  results  at  first  suggest  that  there  may  be  two 
distinct  and  opposite  lands  of  electric  fluid,  the  vitreous  and  the 
resinous ; and  many  inquirers  have  so  conjectiu’ed.  Others,  of 
whom  Franklin  was  one,  have  thought  that  the  difference  is 
only  in  the  quantity  or  condition  of  the  agent,  as  boiling  and 
freezing  water  differ  only  in  the  amount  of  heat  in  them ; or  as 
a heavy  stone  and  a light  balloon  have  not  two  opposite  qualities 
of  gravity  and  levity,  but  differences  in  the  common  quality  of 
weight.  (See  the  analysis  No.  6.)  If  the  surface  of  a glass 
tube  be  roughened  before  being  rubbed,  it  produces  the  negative 
or  so-called  resinous  electricity  instead  of  the  positive  or  vitreous. 
It  matters  little  what  theoretical  view  be  taken  provided  the 
important  facts  are  recalled. 

The  earliest  recorded  observation  of  an  electrical  phenomenon 
we  owe  to  Thales,  the  Greek  philosopher,  who  lived  2,500 
years  ago.  He  saw  that  amler  (in  Greek  called  elehtron)  when 
nibbed  on  w'ooUen  cloth  first  attracted  small  light  bodies,  and 
then,  if  allowed  to  touch,  immediately  repelled  them.  Little 
more  was  noticed  until  about  the  beginning  of  the  last  century, 
when  Dr.  Gilbert,  an  English  physician,  published  a meritorious 
work  on  magnetism  and  Idndred  phenomena.  Dr.  Franklin,  in 
North  America  in  the  year  1752,  proved  the  identity  of  electri- 
city and  the  lightning  of  the  thunder-storm ; and  it  is  since  then 
that  the  great  discoveries  and  applications  to  useful  purposes 
have  been  made.  , 
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The  Electrical  Machine. 


1180.  When  persons  had  become  familiar  with  the  simple 
experiments  described  after  Art.  1177,  they  naturally  concluded 
that  with  larger  apparatus  of  the  nature  sketched  there,  the 
facts  might  be  exhibited  on  a grander  scale,  and  that  probably 
new  facts  of  importance  would  be  discovered.  The  result  of 
many  devices  and  trials  was  the  construction  of  what  is  now 
called  the  electrical  machine  of  friction,  now  to  be  described. 

The  essentials  of  the  simple  apparatus  sketched  in  page  607 
are  three:  the  glass  to  be  rubbed  (the  tube),  the  silk  with 
which  to  rub  (the  handkerchief),  and  the  objects  to  receive  the 
electricity  (the  cork,  pith-balls,  or  poker).  Then,  1st,  in  lieu  of 
the  tube  has  been  substituted  the  large  glass  cylinder  here 


tepresented  A B,  about  20  inches  long  and  half  as  wide,  to  be 
turned  like  a grindstone  or  barrel-organ  by  a winch-handle,  W. 
It  is  insulated  by  being  supported  on  non-conducting  substance, 
namely,  glass  pillars  H and  I.  Secondly,  instead  of  the  loose 
handkerchief  for  rubbing,  there  is  used  a flap  or  breadth  of  silk 
cloth  laid  on  the  upper  part  of  the  cylinder,  of  which  flap  half  is 
here  seen,  C D E F,  on  the  side  towards  the  spectator,  the  other 
half  being  behind,  with  its  horizontal  edge  or  border  fixed  on  a 
cross  piece  of  wood,  also  supported  on  a glass  pillar  K.  This 
cross  piece  has  a soft  covering,  rendering  it  a cushion  which 
bears  gently  against  the  cylmder,  and  becomes  the  solid  part 
of  the  rubber.  Thirdly, — Instead  of  the  cork  or  elder  balls 
to  receive  the  electricity,  there  is  the  large  cylinder  with 
roimded  ends,  L M,  made  of  plate-metal  also  having  a glass 
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support.  Tliis  cylinder  is  called  the  prime  conductor,  and  when 
in  its  place,  its  extremity  L with  metallic  points  projecting  to 
receive  the  electricity,  is  brought  close  to  the  loose  border  of 
the  silk  E F. 

When  the  cylinder  is  turning,  the  electricity  is  evolved  be- 
tween the  rubbing  silk  and  the  glass  surface,  and  is  carried 
forward  to  be  delivered  to  the  metallic  points  on  the  prime  con- 
ductor L M,  where  the  silk  terminates.  There  is  a metallic  chain 
attached  to  the  cushion  of  the  silk  rubber,  and  hanging  down  to 
the  ground  at  N,  by  wliich  the  electric  fluid  ascends  from  the 
earth  as  the  machine  works.  On  some  part  of  the  prime  con- 
ductor, as  at  M,  is  placed  a small  electrometer-pen- 
dulum, consisting  of  a pith-ball,  h,  hanging  by  a 
slender  arm,  a I,  from  the  top  of  an  upright  stalk,  a c, 
and  which,  by  the  distance  to  which  the  pith-ball  is 
repelled  from  the  stalk  tells  the  intensity  of  the  elec-  ' 
trie  charge  or  accumulation  in  the  prime  conductor. 

A similar  electrometer  placed  on  the  rubber-cushion 
behind,  when  the  supplying  chain,  N,  is  removed,  tells  the  degree 
in  which  the  rubber-cushion  or  anything  connected  with  it  is 
negatively  electrifled. 

There  are  two  other  forms  of  electrical  machine  in  common 
use.  Of  these  one  is  called  the  plate  machine,  having  a circular 
plate  of  glass  turning  on  its  axle,  instead  of  the  cylinder  shown 
above,  and  the  supports,  rubbing  silk,  and  conductor  are  formed 
and  arranged  to  suit  it.  The  other,  called  the  hydro-electric 
machine,  is  simply  a small  boiler  for  water,  insulated  on  glass 
supports,  with  the  fire  or  fuel  box  within  it ; and  the  exciting- 
friction  is  produced  by  the  high-pressure  steam,  with  small 
globules  of  water,  rubbing  forcibly  against  the  sides  of  the  ir- 
regular passage  thi-ough  which  it  escapes  to  the  atmosphere. 

When  a large  electrical  machine,  like  any  one  of  those 
above  described,  is  employed,  instead  of  the  diminutive  apparatus 
sketched  in  Art.  1177,  there  are  the  following  differences.  The 
faint  luminosity  on  the  simple  tube  is  converted  into  vivid 
sparks  constituting  almost  a cascade  of  fii-e  passing  from  the 
loose  end  of  the  rubbing  silk  to  the  prime  conductor,  and  at  short 
intei-vals  a decided  flash  with  loud  crack  darts  from  the  con- 
ductor to  any  object  placed  near  it.  If  a bystander  approach  his 
hand  he  receives  the  spark  or  flash  with  a painful  prick  and  even 
with  momentary  numbness  along  the  arm.  A person  insulated 
by  standing  on  a stool  with  glass  feet,  if  he  touch  the  conductoi-j 
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becomes  so  strongly  eleetrifiecl  as  to  give  out  sparks  from  the 
lingers  to  a person  wishing  to  shake  hands  with  him.  These 
sparks  are  strong  enough  to  light  a gas  lamp  or  to  explode  a 
fulminating  powder. 

1181.  When  the  equable  distribution  of  electricity  in  bodies 
is  disturbed  by  friction  or  otherwise,  causing  redundancy  in  one 
body  and  deficiency  in  another,  the  seK-repulsion  where  there  is 
redundancy  causes  the  fluid  to  pass  instantly  from  where  it  is  in 
excess,  through  any  conducting  substance  which  offers,  either  to 
the  earth,  which  is  the  general  reservoir,  or  still  more  readily  to 
a body  in  a negative  state ; and  where  no  conducting  medium  is 
very  near,  the  fluid  will  force  its  way  or  burst  through  a short 
length  or  thickness  of  a non-conducting  substance,  such  as  an, 
in  the  form  of  a brilliant  spark. 

1182.  By  the  use  of  the  large  machines  other  important  facts 
were  soon  strikingly  demonstrated.  Thus,  owing  to  the  self- 
repellent nature  of  the  electric  fluid,  when  it  is  tkrown  in  excess 
on  any  conducting  body,  it  diffuses  itself  not  through  the  whole 
mass,  but  over  the  surface  only.  If  the  body  be  a sphere  or  ball 
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(A)  suspended  by  a silken  cord  and  highly  electrified,  and  if 
there  be  two  metallic  cups,  B and  C,  which  exactly  cover  or  fit 
the  sphere,  if  the  cups,  having  handles  of  glass,  be  applied, 
closely  to  the  ball,  and  then  removed,  the  whole  charge  of  elec- 
tricity is  found  to  have  passed  to  the  cups,  leaving  the  ball  in  a 
perfectly  natural  or  normal  state. 

1183.  Owing  to  the  same  self-repellent  nature  of  the  elec- 
tricity, when  a charge  is  thrown  on  any  body,  it  does  not  spread 
or  distribute  itself  uniformly  over  the  body  unless  the  form  be 
that  of  a perfect  sphere  or  baU  as  a.  If  the  body  be  oblong,  as 
b,  the  repulsion  of  the  fluid  in  the  central  parts  increases  the 
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density  of  it  towards  the  ends.  Then,  if  one  end  be  smaller 
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than  the  other,  as  in  c,  the  density  is  gi'eatest  at  the  small  end 
And  if  the  extremity  be  a point,  as  in  fZ,  the  density  becomes 
there  so  great  that  the  fluid  is  forced  into  the  air,  and,  gradually 
electrifying  the  air  in  contact,  passes  away.  The  flame  of  a 
candle  held  near  an  electrifled  point  appears  to  be  blown  away 
from  it.  For  the  same  reason  that  positively  electrified  points 
quickly  dissipate  positive  electricity,  so  do  points  in  a negatively 
electrified  body  readily  receive  it.  This  is  seen  in  the  action  of 
the  points  placed  between  the  receiver  or  conductor  of  an  elec- 
trical machine  and  the  cylinder.  And  the  fact  is  turned  to 
account  by  giving  to  common  lightning-rods  sharp  points 
directed  to  the  slcy. 

1 1 84.  The  self-repulsion  of  electric  matter  is  strikingly  illus- 
trated in  the  following  experiment,  Avhich  is  said  to  exhibit  its 
influence  at  a distance,”  or  when  acting  by  induction.  Let  a h be 


an  insulated  conductor,  resting'on  glass  supports,  having  pairs  of 
pith-balls  hanging  by  linen  threads  or  fine  wires  from  the  ends 
a h and  the  middle  e.  When  not  electrified  all  the  balls  hang  in 
contact,  but  if  a positively  electrified  sphere,  e,  be  brought  into 
the  position  here  shown,  near  to  the  conductor,  yet  not  touching 
it,  the  two  balls  at  a and  h will  instantly  repel  and  fly  apart  as 
here  shown  by  the  dotted  lines,  those  at  h becoming  negatively 
electrified,  owing  to  the  natural  electricity  of  the  conductor  being 
driven  towards  the  end  a by  the  repulsion  of  the  positive  elec- 
tricity in  the  ball  e,  and  those  at  a becoming  positively  electrified, 
because  the  natural  electricity  of  the  end  & of  the  cylinder  is 
driven  to  a,  making  a positive  charge  there.  No  effect  is  pro- 
duced on  balls  at  c half  way  between  the  ends,  because  the 
quantity  of  electricity  there  remains  the  same.  If  the  sphere  c 
be  withdrawn,  all  the  repulsions  described  immediately  cease. 

1185.  If  during  the  last  experiment,  while  the  electrified  body 
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e is  held  near  the  conductor  a h,  causing  the  disturbance  of  the 
electric  pendulums  above  described,  a finger  be  applied  for  a 
moment  to  the  conductor  at  a,  allowing  the  positive  electricity 
accumulated  there  to  escape  towards  the  earth,  the  pendulums 
immediately  collapse.  If  after  this  the  electrified  ball  e be  carried 
away,  the  electrometers  at  a and  h immediately  diverge  again, 
for  the  conductor  by  the  touch  of  the  finger  lost  part  of  its 
natural  electricity,  and  remains  altogether  in  a negative  state. 
If  then  a finger  approach  the  conductor  it  gives  a spark,  which 
restores  what  was  taken  away  when  the  charged  ball  was  present. 
Tliis  operation  may  be  repeated  many  times  by  bringing  back 
the  same  charged  ball,  e,  at  every  repetition.  If  the  ball  could 
be  long  preserved  without  losing  its  positive  charge,  it  would 
give  the  power  of  producing  at  will  for  the  whole  time  sparks  of 
considerable  force.  This  principle  will  be  referred  to  in  the 
description  of  the  electrophorus  in  Art.  1194,  the  nature  of  which 
it  explains. 

1186.  It  is  a remarkable  fact,  that  if  a pane  of  glass  be  held 
between  the  ball  e and  the  conductor  a h,  or  in  the  experiments 
described  after  Art.  1177,  between  the  glass  tube  or  sealing-wax 
and  the  pith-balls,  the  attractions  and  repulsions  still  occur  as 
if  the  pane  were  not  there.  The  glass,  therefore,  although  as  a 
non-conductor  it  prevents  altogether  the  passage  thi-ough  it  of 
electricity  itself,  does  not  lessen  that  influence  at  a distance 
which  is  called  its  power  of  induction. 

1187.  This  fact  is  still  more  strikingly  illustrated  when  the 
attempt  is  made  to  charge  with  positive  electricity  one  side  A of 

Q a pane  of  glass  (here  represented  edgewise  by  the  double 
lines  C JD).  The  natural  electricity  of  the  side  of  the  glass 
B resists  or  repels  so  powerfully  the  lodgement  of  the 
B new  electricity  on  the  side  A,  that  only  a small  portion 
can  be  there  deposited ; | but  if  any  conducting  medium 
be  interposed  between  the  side  B and  the  ground  to 
allow  the  natural  electricity  from  B to  escape,  a much 
greater  new  charge  can  be  thrown  on  the  side  A,  than  can  be 
given  to  an  equal  weight  or  extent  of  surface  of  even  any  con- 
ducting material— a plate  of  metal,  for  instance.  This  very  im- 
portant fact  was  discovered  by  accident  in  the  year  1748,  to  tlie 
great  surprise  of  those  who  witnessed  it,  and  of  students  generally. 

1188.  An  experimenter  at  Leyden,  in  Holland,  with  a view 
to  ascertain  the  effect  of  electrifying  Avater,  placed  in  a phial 
containing  water  a short  brass  rod,  and  then  held  the  end  of  tlie 
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rod  in  contact  with  the  charged  conductor  of  an  electrical 
machine.  Having  charged  the  water  fully,  as  he  supposed,  he 
removed  it  from  the  contact,  and  then  applying  the  other  hand 
to  withdraw  the  wire  from  the  phial,  lie  instantly  received  a 
violent  shock  through  his  arms  and  body,  which  caused  liim  to 
drop  the  phial,  and  himself  to  sink  benumbed  to  the  floor. 
He  believed  that  he  had  narrowly  escaped  death ; and  lie  after- 
w'ards  said,  that  he  would  not  take  another  such  shock  if  the 
empire  of  Germany  were  offered  as  the  bribe. 

It  was  soon  discovered,  ’ however  that  the  charge  was  not  in 
the  water,  but  connected  with  the  surfaces  of  the  glass,  the 
Avater  serving  merely  as  the  conducting  medium  wliich  joined 
together  in  action  the  several  parts  of  the  internal  surface  of 
the  non-conducting  glass ; for  the  same  effect  was  produced  by 
substituting  for  the  Avater  a leaf  of  tinfoil,  which  could  similarly 
cover  the  surface  of  the  glass.  And  if  both  the  internal  and 
external  surfaces  of  a bottle  or  jar  were  covered  with  tinfoil  to 
within  a short  distance  of  the  top,  the  jar  could  then  « 
receive  a very  powerful  charge  indeed.  The  adjoin-  Y 
ing  figui-e  shoAvs  a common  form  of  jar  so  covered, 
and  called  the  Leyden  Jar.  A brass  rod  with  a nob 
at  its  top  passes  through  a wooden  stopper  into  the  I B 
jar,  and  has  a piece  of  chain  hanging  from  its  bottom 
in  contact  Avith  the  metallic  lining,  to  establish  communication. 

OAving  to  the  strict  relation  between  the  electrical  states 
of  the  tAvo  sides  of  a moderate  thickness  of  glass,  or  other  non- 
conductor of  electricity,  it  is  found  that  if  a Leyden  jar  resting 


on  a support  of  glass  be  charged  by  distinct  sparks  from  a prime 
conductor — as  the  jar  B from  the  conductor  A — then  for  every 
spark  Avhich  enters  it  a corresponding  spark  is  driven  from  the 
outside  to  any  conductor  placed  near,  as  C for  instance,  Avhich 
is  another  jar,  and  if  a row  or  series  of  such  insulated  jars  stand 
as  here  represented,  the  charging  of  tlie  first  one  B will  charge 
all  the  others  to  the  same  degree. 
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1189.  Further  illustrating  the  views  taken  here,  it  was  soon 
discovered  that  if  a common  glass  tumbler  a be  set  into 

a metallic  vessel  h,  which 
exactly  fits  and  covers  the 
lower  part  of  its  external 
surface,  and  if  it  then  re- 
ceive into  itself  a smaller  tin 
vessel  c,  with  a handle  of 
glass  which  closely  fits  the 
internal  surface,  the  combination  of  the  three,  a,  may  be  strongly 
electrified  and  discharged  like  a coated  Leyden  jar  ; but  if  after 
being  electrified  the  smaller  tin  cover  is  lifted  out  by  its  glass 
handle,  and  the  external  tin  cover  is  allowed  to  fall  off,  these  tins 
are  foimd  to  be  in  a natural  state,  and  the  whole  electrical 
charge  remains  on  the  surfaces  of  the  glass.  The  charge  so  left 
can  be  made  to  produce  its  usual  effects  by  replacing  the  tins. 

1190.  The  discovery  of  the  nature  of  the  Leyden  jar  gave 
an  increased  power  of  accumulating  electricity,  which  changed 

2 the  character  of  electrical  pro- 
ceedings.  By  connecting  the  in- 
teriors of  many  jars,  and  also  the 
exteriors,  to  cause  them  to  act 
like  one  larger  jar,  as  here  re- 
presented, effects  are  producible 
equivalent  to  those  of  the  natural 
lightning  of  thunder.  This  combination  is  possible  to  any 
extent,  and  is  called  an  Electric  Battery. 

To  measure  amounts  of  electricity  and  of  the  forces  of  attrac- 
tion or  repulsion  exerted  by  them,  a convenient  means  is  the 
so-called  proof-plane  of  Coulomb.  A small  disk  of  metal  at- 
tached to  an  insulating  handle  of  gum-lac  is  caused  to  touch  an 
electrified  body  so  as  to  share  its  charge,  and  being  then  presented 
to  a body  suspended  from  a torsion-balance,  the  extent  of  twisting 
produced  indicates  the  force  acting. 

1191.  The  adjoining  cut  represents  what  is 
called  a general  discharger,  by  means  of  which 
an  experimenter  can,  without  danger  to  himself, 
send  the  charge  of  the  most  powerful  battery 
through  any  substance  exposed  in  its  way. 
There  are  two  branches,  a c and  h c,  hinged  to- 
gether like  the  legs  of  a pair  of  tongs,  witli 
nobs  at  the  enbs,  and  with  a glass  handle  d.  If  one  nob  be 
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placed  in  contact  Avitli  a conductor  which  communicates  with 
either  the  external  or  internal  surface  of  a battery,  and  if  the 
other  nob  is  then  made  to  touch  some  conducting  substance 
which  leads  to  the  other  surface,  the  discharge  instantly  takes 
place,  and  electrical  equilibrium  is  restored. 

1192.  Dr.  Franklin  was  the  first  who  thought  of  establishing 
a communication  between  an  electrified  cloud  and  the  earth 
through  the  string,  containing  a fine  wire,  of  a paper-ldte  sent 
aloft  in  thundery  weather.  He  found  that  he  could  thus  charge 
a Leyden  jar,  and  so  carry  into  his  laboratory  a part  of  the 
lightning  with  which  to  experiment  as  he  might  do  with  that  given 
by  an  electrical  machine.  It  was  then  that  the  precious  thought 
occurred  to  him  of  setting  up  over  roofs  rods  of  metal  with 
points  directed  to  the  sky,  and  the  lower  part  piercing  the  earth, 
as  certain  means  of  safety,  both  on  land  and  at  sea,  for  property 
and  life  against  the  dangers  of  the  thunderstorm. 

1193.  A very  sensitive  electroscope  or  detector  of  electricity, 
is  here  sketched,  wliich  acts  at  once  by  induction.  Its  essential 
parts  are  the  brass  rod  a h with  a nob  at  the  top 
and  two  strips  of  gold  leaf  hanging  from  the 
bottom  b,  within  a glass  shade  preventing  disturb- 
ance from  wind.  When  there  is  no  free  elec- 
tricity near,  the  leaves  hang  in  contact,  but  with 
the  slightest  electrical  charge,  whether  positive  or 
negative,  they  stand  asunder  towards  c and  d,  and 
more  or  less,  according  to  the  strength  of  the  charge.  If  any 
electrified  body  approach  the  ball  a,  it  acts  by  induction  and 
throws  the  ball  a into  the  contrary  electric  state  to  its  own  as 


explained  in  Art.  1184,  and  the  induced  charge  in  a produces 
the  opposite  charge  in  the  leaves  below,  which  therefore 
mutually  repel.  A piece  of  glass-tube  rubbed  by  silk,  if  made 
to  approach  a,  causes  the  leaves  to  separate  because  of  its  posi- 
tive electricity,  and  when  it  is  removed,  the  leaves  collapse  j but 
if  the  glass  be  allowed  to  touch  the  ball,  the  separation  of  the 
leaves  remains  after  the  tube  is  taken  away,  for  a positive 
charge  has  been  given.  A stick  of  excited  sealing-wax  then 
brought  near,  causes  first,  collapse  of  the  leaves,  and  if  allowed 
to  touch,  produces  the  continued  separation  by  negative  elec- 
tricity. The  kind  of  electricity  with  which  the  leaves  may  be 
charged  is  thus  discovered  at  once  by  approaching  to  tlie 
ball  either  a rod  of  glass  or  one  of  sealing-wax,  excited  by 
rubbing. 
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1194.  Tlie  Eledrophorm  (electric  carrier)  is  a simple  arrange- 
ment by  which  a charge  of  electricity  can  be  preserved  for  a 

long  time  in  a condition  which  allows  other 
charges  to  be  produced  by  it  through  induction. 
It  is  thus  formed.  A mixture  of  shell-lac, 
rosin  and  turpentine,  melted  together,  is 
poured  into  a mould  of  metal  of  the  breadth 
of  a dinner-plate,  and  becomes  when  cooled,  a 
solid  cake  about  half  an  inch  tliick.  Upon  the  surface  of  this 
cake,  resting  on  a table,  is  placed  a metallic  disc  or  plate 
smaller  than  itself,  having  a glass  handle  a,  by  which  it  can 
be  lifted  away  from  the  cake.  To  prepare  for  use,  the  cake  is 
struck  briskly  a few  times  with  a cat’s  skin,  and  thereby  is  ren- 
dered highly  electric  negatively.  The  insulated  plate  being 
then  placed  upon  it  has,  by  induction,  its  under  surface  rendered 
strongly  positive  and  its  upper  surface,  therefore,  negative.  If 
while  in  this  state  a finger  touch  the  upper  surface,  positive 
electricity  is  given  to  restore  equilibrium  there.  When  after- 
wards the  plate  is  lifted  away  from  the  cake  by  its  glass  handle, 
the  electricity  lately  given  by  the  touch  becomes  a redundancy, 
of  free  positive  electricity,  which  will  pass  as  a spark  to  any 
conducting  body  which  it  approaches,  and  the  spark  is  strong 
enough  to  bght  a gas-jet,  or  to  effect  other  such  purpose.  This 
operation  may  be  repeated  any  number  of  times  for  days  or 
even  months,  without  there  being  necessity  to  renew  the  friction 
with  the  cat’s  skin. 

1195.  An  amusing  and  instructive  experiment  is,  to  electrify 
the  interior  of  a drinking  goblet  by  letting  a pointed  metallic 

rod  projecting  from  a charged  conductor  touch  in 
succession  many  j)arts  of  the  internal  surface 
while  the  hand  is  touching  corresponding  parts  of 
the  exterior.  If  the  electrified  goblet  be  then 
inverted  over  some  pith-balls  laid  on  a table, 
these  will  begin  to  dance  or  leap  up  from  the  table  to  the  elec- 
trified parts  of  the  glass,  and  taking  there  a charge  of  electricity, 
Avill  dart  down  again  to  re-ascend  until  the  electric  equilibrium 
is  fully  restored.  By  placing  the  hand  on  different  parts  of 
the  exterior  of  the  glass,  the  motions  are  much  quickened, 
because  the  hand  supplies  the  electricity  needed  at  the  peints 
opposite  to  where  the  balls  strilce. 

1196.  One  of  the  most  remarkable  facts  connected  with  the 
electrical  discharge  is  the  almost  inconceivable  rapidity  with 


ELEOTEIC  DISCHAEGE. 


619 


which  tlie  influence  passes  from  one  body  or  place  to  another. 
It  equals  that  of  light,  exceeding  thousands  of  miles  in  one  second, 
during  which  a walking  person  makes  a single  step.  We  shall 
have  to  consider  this  again,  under  the  head  of  the  Electric 
Telegraph. 

If  a conducting  wire,  or  a strip  of  metallic  foil  adhering  to 
the  surface  of  glass  have  divisions  or  small  open  gaps  made  in  it, 
the  electricity  darting  across  the  interruptions  becomes  visible  at 
every  one  as  a bright  spark.  Thus  luminous  letters  or  writing, 
consisting  of  lines  of  dots  of  light,  are  producible  at  each  single 
electrical  discharge. 

1197.  The  charge  of  a battery  when  passing  through  air, 
appears  as  a flash,  with  brilliancy  proportioned  to  the  amount 
of  the  charge.  It  can  heat  to  melting,  and  even  to  dissipation 
into  vapour,  wires  or  thin  leaves  of  any  metal.  It  can  set  fire  to 
combustibles.  It  pierces  resisting  bodies  standing  in  its  way,  leav- 
ing an  open  passage  through  them.  It  can  destroy  the  magnetism 
of  a compass  needle.  It  decomposes  chemical  unions  into  their 
elements,  as  when  separating  water  into  the  gaseous  substances 
of  oxygen  and  hydrogen,  of  which  it  is  formed.  It  kills  animals. 

By  the  lightning-flash  between  a cloud  and  the  earth,  which 
flash  is  merely  accumulated  electricity,  all  these  effects  are 
produced  in  extreme  degrees.  It  may  prostrate  a whole  flock 
of  sheep  ; it  often  kills  people  who  seek  shelter  under  trees 
during  a thunderstorm,  because  the  human  body  conducts 
electricity  more  readily  than  the  trees,  which,  by  their  height 
have  attracted  the  flash.  It  rends  great  trees,  splits  rocks, 
shatters  the  towers  and  spires  of  lofty  edifices,  sets  fire  to  ships, 
and  may  explode  a powder  magazine,  &c. 

But  against  all  these  modes  of  destruction,  complete  security 
is  now  attainable  by  the  use  of  the  hghtning  conductors  de- 
vised by  Dr.  Franklin.  The  writer  refers  to  this  fact  with  par- 
ticular interest,  from  having  twice  witnessed,  during  a voyage 
made  in  early  life,  before  the  adoption  of  the  more  substantial 
lightning-rods  now  generally  supplied  to  great  ships,  the  appal- 
ling occurrence  of  a ship  insufficiently  protected  being  struck 
by  lightning.  The  first  time  was  in  the  South  Atlantic,  where  a 
mast  was  split,  and  of  several  men  knocked  down  one  did  not 
recover ; the  second  time  was  when  the  ship  was  at  anchor  in 
the  Straits  of  Malacca.  A part  of  the  rigging  was  set  fire  to, 
but  by  prompt  measures  the  ship  was  saved. 

In  this  section  we  have  considered  the  phenomena  of  elec- 
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tricity  as  producible  by  friction,  or  as  rendered  very  active  by 
accumulation  in  the  Leyden  jar  and  otherwise.  In  what  follows 
we  have  to  treat  of  other  forms,  still  more  important. 

Electricity  in  Currents,  called  also  Voltaic  Mectridty. 

1198.  It  was  not  until  the  middle  of  the  last  century  that 
the  electrical  machine  "was  invented,  and  the  Leyden  jar,  and 
the  electrical  battery,  and  that  Franklin  proved  the  identity  of 
electricity  and  lightning.  The  public  mind  was  by  these  occur- 
rences excited  and  gratified  in  the  highest  degree,  and  wonder 
was  felt  that  facts  of  such  vast  importance,  and  apparently  not 
deeply  hidden,  could  have  remained  unknown  so  long ; but 
scarcely  had  this  feeling  cooled,  when  a new  set  of  facts 
connected  with  electricity  drew  attention,  soon  to  appear  of 
still  greater  importance  than  those  above  referred  to. 

Galvanism. 

1199.  Galvani,  professor  of  anatomy  in  the  university  of 
Bologna,  while  making  experiments  on  the  bodies  of  frogs 
recently  lulled,  observed  that  when  metallic  instruments  were 
brought  into  contact  in  particular  ways  with  the'  nerves  and 
muscles  of  the  animal,  a strong  action  or  contraction  of  the 
muscles  took  place,  as  if  obeying  the  will  of  a living  animal ; and 
it  appeared  that  the  nerves  served  to  convey  an  infiuence  to  the 
muscles,  as  the  wires  about  an  electrical  machine  convey 
electricity  to  distant  parts  acted  upon.  He  at  first  conjec- 
tured that  there  was  in  animals  a something  analogous  to  elec- 
tricity, and  which  he  then  called  animal  magnetism.  After  a 
time,  however,  it  was  discovered  among  the  numerous  inquirers 
who  followed  Galvani,  that  the  cause  of  ’ the  motions  observed 
was  ordinary  electricity,  generated  in  the  living  body,  and  obe- 
dient in  a degree  to  the  will  of  the  animal.  The  reflection  was 
then  made,  too,  that  certain  animals,  to  defend  themselves 
against  an  enemy,  or  to  secm-e  other  animals  as  their  prey,  can 
give  a benumbing  shock  like  that  of  a Leyden  jar.  The  torpedo 
of  the  Mediterranean  sea,  and  the  electric  eels  (now  so-called) 
of  the  great  rivers  of  Africa  and  South  America,  are  animals  of 
this  sort.  Anatomy  now  finds  that  in  the  structure  of  all  these 
animals,  and  obedient  to  their  will,  there  is  a powerful  electrical 
apparatus. 

In  Glasgow,  in  the  year  1824,  the  body  of  a malefactor,  soon 
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after  execution,  was  subjected  to  experiments,  and  by  touching 
the  different  nerves  with  electric  Avires,  the  body  was  caused  to 
mimic  alarmingly  the  actions  of  life  and  volition;  as  to  raise 
the  head,  to  distort  the  features,  to  lift  the  arm,  to  point  a finger, 
and  so  on.  In  the  liAung  body  it  is  known  that  by  compressing, 
cutting,  or  destroying  in  any  Avay  the  nerve  leading  from  the  cen- 
tral organ  to  a part,  the  action  or  function  of  the  part  is  destroyed. 

Proofs  have  been  obtained  also  that  many  other  functions  of 
life,  as  Avell  as  the  muscular,  go  on  under  the  influence  of  elec- 
trical agency.  An  animal  body  hence  comes  to  be  regarded 
as  a very  complex  structure,  of  which  the  numerous  parts  in 
action  are  harmoniously  united  with  the  brain  and  spinal  marrow 
through  the  nerves  connecting  them. 


Voltaism. 

1200.  A^olta,  another  Italian  Professor,  continuing  the 
researches  so  happily  commenced  by  Galvani,  found  that  if 
pieces  of  two  different  metals,  as  copper  and  zinc,  Avere  placed 
in  immediate  contact,  or  near  to  each  other,  with  acidulated 
Avater  between  them,  they  immediately  became  in  a degree  elec- 
trical ; one  of  them  positively  and  the  other  negatively ; and, 
further,  that  if  a metallic  communication  Avere  formed  between 
them  through  the  "air,  as  by  suitable  pieces  of  Avire,  a continu- 
ous electrical  current  began  to  pass  by  the  Avire,  fi'om  one  to  the 
other ; and  the  Avire,  Avhile  so  serving,  acquired  very  remarkable 
properties  presently  to  be  described.  He  concluded  that  the 
muscular  contractions  observed  by  Galvani  were  caused  by  such 
electricity  traversing  the  nerves  and  muscles  of  the  animal  then 
acting  as  conductors. 

1201.  Volta’s  experiments  were  first  made 
Avith  small  round  plates,  or  disks,  of  copper 
and  zinc,  Avhich  metals  he  found  to  be  pecu- 
liarly suited  to  his  purposes.  He  soon  ascer- 
tained, fux-ther,  that  if  he  jAiled  pairs  of  copper 
and  zinc  plates  over  one  another,  Avith  a simi- 
lar breadth  of  cloth  moistened  Avith  acidulated 
water  betAveen  the  pairs — as  one  might  pile 
up  pairs  of  silver  and  copper  coins,  having  a 
piece  of  paper  between  eaeh  pair,  the  electrical 
effects  became  stronger  in  proportion  to  the 
number  of  pairs — as  many  men  pulling  at  the 
same  rope  exert  by  it  a force  of  traction  pro- 
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portioned  to  tlieir  number.  The  adjoining  figure  represents  a 
voltaic  pile  standing  on  a plate  of  glass,  with  copper  at  the 
bottom  of  the  fii’st  pair,  and,  consequently,  zinc  at  the  top  of 
the  pile.  The  arrow  shows  the  direction  of  the  current  in  the 
conducting-wire  moving  from  the  bottom  called  the  positive  pole 
P,  to  the  top  called  the  negative  pole  Z. 

1202.  Much  more  convenient  and  powerful  arrangements 
than  this  pile  were  soon  devised  by  the  original  inventor,  and 
by  other  distmguished  philosophers,  who  then  engaged  in  the 
same  pursuit.  One  of  these,  which  was  soon  very  extensively 
employed,  and,  with  some  modifications,  still  holds  its  place,  is 
here  described,  illustrating  the  principle  of  all. 


The  figures  Z and  C represent  two  metallic  plates,  about  fom- 
inches  square,  one  of  zinc,  the  other  of  copper,  standiug  side 
by  side  a little  way  apart,  in  a glass  vessel  ready  to  be  filled 
with  acidulated  water.  To  each  plate  a piece  of  wme  is  soldered 
at  Z and  C,  which  two  pieces  can  be  brought  to  meet  and  touch 
at  A,  completiog  the  circuit.  The  plates  while  dry,  and  not  in 
contaet  below,  give  no  sign  of  electricity,  but  if  the  wires  above 
are  joined  and  the  liquid  is  poured  in,  a continuous  cm’rent 
immediately  commences  in  the  direction  C A Z.  The  two  plates, 
so  arranged,  form  an  active  pair  or  couple  of  a voltaic  apparatus. 
If,  instead  of  there  being  only  one  pah’  in  action,  others  are 
added,  as  the  second  pair  Z C,  the  strength  of  the  combination, 
which  is  then  called  a battery,  is  increased  in  proj)ortion  to 
the  number  of  pairs.  The  copper  plate  of  the  first  pair  is  joined 
by  a strip  of  itself  to  the  zinc  of  the  next  pair,  as  here  shown 
by  the  dotted  Ihies,  and  the  final  plate  of  copper  receiving  the 
produet  of  all  the  pairs  sends  the  cun-ent  by  the  ch’cuit-wire 
towards  the  negative  end  of  the  battery  Z. 

1203.  Instead  of  having  a row  of  pairs  in  distinct  vessels, 
resembling  the  two  shown  above,  it  is  convenient  to  have  a long 
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trough  of  glazed  porcelain  divided  into  cells,  as  pictured  in  P N, 
below,  and  the  pairs  of  plates  of  the  two  metals  are  afSxed  in 
due  order  to  a wooden  bar  N P,  so  that  they  can  be  dipped 
simultaneously,  when  wanted,  into  the  cells  containing  the  acidu- 
lated liquid,  and  again  lifted  out  when  not  wanted.  When 
stronger  effects  are  required  than  can  be  produced  by  one  such 
trough,  mauy  troughs  may  be  united.  Sir  Humphry  Davy, 
at  the  Koyal  Institution  in  London,  had  a batteiy  composed  of 
two  thousand  pairs,  with  which  he  obtained  the  astounding 
results  of  which  we  have  to  speak  in  the  sequel. 


1204.  Volta  at  first  believed  that  the  simple  contact  of  dis- 
similar metals  produced  the  two  opposite  electrical  states.  It 
was  soon  observed,  however,  that  if  one  of  them  became  at  all 
oxidated,  or  underwent  chemical  action,  as  zinc  so  readily  does 
when  exposed  to  oxygen  or  acids,  the  production  of  electricity 
Avas  proportionately  greater.  Fm-ther,  it  was  found  that  the 
metal  on  which  the  acid  acted  most  strongly  evolved  the  elec- 
tricity most  readily,  as  is  true  of  the  zinc  in  most  voltaic  combi- 
nations. The  zinc,  for  this  reason,  has  been  called  the  generating- 
plate,  and  the  other  plate,  generally  copper,  the  receiving  or 
conducting-plate ; and  the  current  of  electricity  is  assumed  to  be 
from  the  zinc  to  the  copper  within  the  troughs,  and  on  the  out- 
side from  the  last  copper  plate  in  the  trough,  along  the  con- 
ductiug-wire  of  the  circuit,  to  the  first  plate  of  zinc,  as  indicated 
above  by  the  aiTOws  placed  around.  The  greater  the  difference 
between  the  two  metals  of  the  pair,  in  relation  to  readiness  for 
chemical  action,  the  stronger  is  the  voltaic  cui-rent. 

1205.  It  is  one  of  the  very  striking  facts  in  regard  to  the  vol- 
taic current  passing  from  the  positive  end  of  the  trough  to  the 
negative,  that  although  the  direct  distance  betAveen  them  through 
the  metals  and  liquids  composing  the  entire  trough,  and  Avhich 
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are  all  good  conductors  of  electricity,  is  only  of  a foot  or  two, 
the  current  seeking  to  re-establish  equilibrium,  never  makes  a 
retrograde  movement,  passing  from  P to  N,  but  in  an  instant 
travels  round  the  whole  circuit  of  the  connecting-wire  or  wires, 
even  if  they  be  hundreds  of  miles  long,  as  from  London  to  Edin- 
burgh, or  Paris,  and  back.  It  proves  its  momentary  presence  at 
any  distant  part  of  the  circuit  by  ringing,  as- it  passes,  a bell, 
wherever  placed,  or  doing  other  telegraphic  work. 

1206.  Not  less  striking  than  the  extent  of  the  journey  tra- 
velled in  such  a case,  is  the  rapidity  with  which  the  movements 
occur,  and  their  dependence  on  the  electrical  circuit  of  con- 
ducting substances  being  complete  and  closed,  instead  of  broken 
or  open.  If  the  conducting-wire,  near  the  batteiy  or  in  any  other 
part  of  its  circuit,  be  pui-posely  parted  or  divided,  so  that  the 
two  cut  ends  can  be  readily  and  suddenly  disjoined  and  rejoined 
Avhen  desired,  the  act  of  so  separating  and  rejoining  many  times 
in  a minute  is  rendered  as  clearly  sensible  to  a person  watching 
at  any  other  part  of  the  circuit  as  to  a spectator  near  the  battery ; 
and  as  a few  up-and-do\Yn  strokes  of  a pen  form  the  letters  of  a 
written  alphabet  (the  letter  m requires  six  such  strokes),  so  can 
equally  simple  movements  of  the  key  of  an  electric  telegraph 
made  in  London  mark  instantly  to  an  attendant  at  a telegraph 
station  in  Paris  or  Berlin  any  letter  or  combination  of  letters — as 
will  be  hereafter  explained  in  detail. 

In  the  voltaic  trough  or  battery  above  figm’ed,  the  connecting- 
wire  of  the  circuit  is  shown  departing  from  the  copper  of  the 
positive  pole  P,  and  returning  to  the  zinc  of  the  negative  pole  N. 
The  first  zinc  plate  Z,  on  the  left  hand,  excited  by  the  acid  and 
connection  tlu’ough  a strip  of  metal  with  the  first  copper  plate  in 
the  second  cell,  sends  its  electricity  to  that  copper  plate ; from 
that  the  electricity  is  conducted  by  the  liquid  to  the  second  zinc 
plate,  and  from  thence  in  the  same  way,  with  increase  at  each 
step,  the  current  reaches  the  pole  P,  to  traverse  the  wire  and  do 
work  wherever  wanted. 

1207.  The  electrical  excitement,  called  also  the  electromotive 
force,  produced  in  voltaic  arrangements,  is  of  very  different 
strengths,  accorduig  to  the  chemical  nature  of  the  metals  or  other 
solids,  and  of  the  liquids  employed  in  the  construction  of  the 
battery.  It  follows,  therefore,  that  extensive  and  accurate  know- 
ledge of  this  subject  is  possible  only  to  persons  well  versed 
in  chemical  science;  and  as,  in  the  methodical  study  of  the 
foiu’  fundamental  sciences,  explained  in  our  preface,  chemistry 
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follows  physics,  tlie  details  of  voltaic  electricity  do  not  belong  to 
the  present  volume.  Another  volume,  as  large  as  this,  would 
scarcely  contain  them. 

Out  of  the  science  of  electricity,  although  of  such  late  origin, 
there  have  already  sprung  up  several  distinct  and  important 
branches  of  practical  engineering  ; and  although  the  science 
itself  is  yet  far  from  being  complete,  the  account  here  given 
of  the  battery  of  zinc  and  copper  rendered  active  by  diluted  sul- 
phuric acid  contains  what  may  satisfy  the  general  reader,  and 
may  serve  as  a useful  inti'oduction  to  the  more  detailed  study 
required  for  those  who  are  to  engage  practically  in  some 
department. 

1208.  Having  described  briefly  how  voltaic  currents  of  elec- 
tricity can  be  excited,  we  proceed  to  treat  of  effects  pro- 
ducible by  them,  under  the  heads  of 

Thermo-Electricity. 

Electrical  Heating. 

Electrical  Light. 

Metallurgy. 

Electro-Chemistry. 

Electro  -Magnetism. 

Magnetism. 

The  Electric  Telegrajgh. 

1209.  It  was  soon  after  Volta  had  made  known  his  disco vei-y 
of  electric  currents  that  Humphry  Davy,  in  the  laboratory  of 
the  Royal  Institution  of  London,  using  the  noble  battery  of  2000 
pairs,  supplied  to  him  by  the  directors  of  that  Institution,  was 
enabled  to  exhibit  new  prodigies  in  science  and  art.  He  melted 
substances  which  had  never  been  melted  before.  He  produced 
light  surpassing  in  intensity  all  other  lights  but  that  of  the  sun, 
and  he  resolved  into  their  elements  many  substances  which  until 
then  had  been  deemed  absolutely  simple  or  undecomposable,  such 
as  flint,  lime,  clay,  &c.,  showing  them  to  be  so  many  distinct 
metals  combined  with  oxygen. 

Heating. 

1210.  Davy  found  that  while  the  passage  of  an  electric  current 
through  a large  wire  warmed  it  only  a little,  still  in  proportion 
as  the  wire  used  was  chosen  smaller  or  the  battery  employed  was 
larger  the  heat  was  greater.  The  wire  had  first  red  heat,  then 
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white  heat,  and  at  last  was  melted,  to  drop  as  small  globules  on 
the  ground.  The  metal  platinum,  which  up  to  that  time  seemed 
unalterable  by  heat,  became  in  the  electrical  current  like  sealing- 
wax  in  the  flame  of  a candle. 


Light. 

1211.  The  con  ducting- wire  of  a voltaic  battery  being  severed 
at  any  point,  and  pieces  of  pure  charcoal  of  pencil  form  being 
fixed  on  the  parted  extremities,  when  the  electrical  current 
is  allowed  to  pass  between  the  charcoal  points  held  at  a short 
distance  from  each  other,  a light  is  produced  in  the  gap  or  inter- 
val which  the  eye  can  no  more  bear  to  contemplate  steadily  than 
it  can  that  of  the  sun.  This  light,  being  so  intense  or  concen- 
trated within  a small  space,  penetrates  an  atmosphere  charged 
with  fog  or  mist  to  a much  greater  distance  than  the  same 
amount  of  light  proceeding  from  a collection  of  the  strongest 
common  lamps.  Electricity  has  as  yet  been  used  in  a light- 
house on  the  sea-coast  only  as  an  experiment,  because  of  the 
difficulty  of  rendering  the  light  uniform.  The  wasting  of  the 
charcoal  points  emj)loyed  is  unequal,  but  there  is  now  hope  that 
this  difficulty  will  be  overcome. 

It  is  a question  undecided  whether  other  intense  lights,  as  that 
of  the  combustion  of  common  inflammable  gas  in  the  open  atmo- 
sphere, or  of  iron  wire  in  oxygen  gas,  or  of  the  lately-discovered 
metal  magnesium,  in  common  air,  &c. — are  not  all  connected  with 
electrical  agency. 


Electro-Chemistry. 

1212.  Soon  after  the  important  discoveries  of  Galvani  and 
Volta,  Davy  in  London,  as  already  said,  with  the  great  Voltaic 
battery  of  the  Eoyal  Institution,  proved  that  the  earths  and 
alkalies,  until  then  universally  held  to  be  simple,  unchangeable, 
elementary  substances,  were  all  compounds,  formed  of  so  many 
distinct  metals  and  the  substance  called  oxygen.  Of  these 
metals,  that  are  noAV  named, 


Silicium  is  the  basis  of 

Flint 

Calcium  „ 

Lime 

Aluminium  „ 

Clay 

Magnesium  „ 

Magnesia 

Sodium  „ 

Soda 

Potassium  „ 

Potash 
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Seveml  of  these  metals  are  already  in  use  for  valuable  pur- 
poses. Aluraininm,  for  instance,  vdiich  has  the  appearance  of 
silver,  but  is  much  lighter  under  the  same  bulk  than  silver,  is 
already  substituted  for  it  in  various  ways ; and  important  pur- 
poses are  now  served  by  sodium,  potassium,  magnesium,  &c. 

With  the  battery  referred  to,  Davy  resolved  water  into  its 
two  elements  of  oxygen  and  hydrogen  much  more  rapidly 
than  had  been  done  before.  The  wires  of  the  battery,  tipped 
with  the  more  enduring  platinum,  when  brought  near  to  each 
other  in  water,  drew  asunder  these  elements,  the  wire  from  the 
positive  pole  taking  the  oxygen,  and  that  from  the  negative 
pole  the  hydrogen.  Separate  inverted  vessels  placed  over  the 
wire-ends  were  soon  occupied,  each  with  its  distinct  charge  rising 
rapidly  into  it  in  the  form  of  small  air-bubbles. 

These  analytical  proceedings  made  manifest  the  great  fact 
that  the  different  elementary  substances  in  nature  have  every 
one  its  peculiar  relation  to  electricity,  and  led  to  the  opinion 
that  on  such  differences  of  relation  probably  depend  what  are 
called  chemical  affinities. 

1213.  The  various  discoveries  referred  to  soon  gave  rise  to' 
new  arts,  as  that  of  gilding  and  silvering  objects  by  placing  them, 
when  fitly  prepared,  in  a solution  of  gold  or  silver,  and  then 
connecting  them  with  the  negative  pole  of  a voltaic  battery, 
while  the  wire  from  the  other  pole  entered  the  solution  else- 
where. The  precious  metal  is  then  precipitated  or  deposited 
over  the  surface  of  the  immersed  object,  and  adheres  more 
strongly  than  if  applied  in  any  other  way.  Correct  casts  formed 
of  cheaper  metal  or  other  material  may  thus  be  formed  of  coins, 
medals,  or  other  objects,  and  may  readily  be  covered  with  im- 
perishable gold  or  silver. 

Electro-Magnetism. 

1214.  If  people  marvelled  at  the  discoveries  of  electrical  cur- 
rents and  their  effects  made  by  Galvani,  Volta,  Davy,  and  others, 
they  had  to  marvel  still  more  when,  in  the  year  1819,  Professor 
Oersted,  of  Copenhagen,  found  that  the  natural  direction  of  a 
magnetic  needle,  such  as  is  used  in  the  mariner’s  compass, 
was  instantly  changed  by  its  being  near  a voltaic  battery  in 
action.  Such  a needle  happened  to  stand  on  a table  where  the 
wire  of  a batteiy  lay  parallel  to  it.  It  had  its  usual  direction 
of  north  and  south,  when  the  battery  was  not  acting,  but  the 
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moment  the  current  was  allowed  to  pass,  the  needle  was 
thrown  or  deflected  into  a position  across  the  wire,  and  so 
remained  as  long  as  the  current  continued.  On  the  current 
being  arrested,  however,  by  unclosing  or  breaking  the  voltaic 
circuit,  the  needle  immediately  resumed  its  natural  direction. 
Pursuing  the  investigation,  Oersted  found  that  the  movements 
of  the  needle  were  produced  as  often  and  quickly  as  the  acts  of 
closing  and  unclosing  the  circuit  could  be  repeated.  He  further 
ascertained  that,  near  the  wire,  the  changes  took  place  as  cer- 
tainly and  rapidly  at  any  distance  from  the  battery  as  near  to  it. 

1215.  These  facts  announced  to  some  clear  understandings 
the  coming  prodigy  of  the  Electric  Telegraph.  It  was  thought 
— and  the  thought  is  now  realized — that  as  the  letters  of  a written 
alphabet,  by  which  all  words,  and,  therefore,  all  ideas,  can 
be  expressed,  are  made  by  a few  short  strokes  of  a pen  up  and 
down  (the  letter  u has  five  such  strokes,  the  letter  m has  seven), 
nearly  so  might  the  letters  be  indicated  by  slight  movements 
from  side  to  side  of  a key  suddenly  closing  and  opening  a voltaic 
circuit.  It  is  now  in  reality  by  such  movements  that  the  so- 
termed  “ Latest  Intelligence”  arriving  in  London  during  the 
night  or  early  morning,  is  in  a few  minutes,  through  the  tele- 
graph, spread  to  stations  all  over  the  Idngdom,  and  that  the 
inhabitants  of  York,  Edinburgh,  and  Dublin  find  in  print  on 
their  breakfast  tables  the  same  paragraphs  which  are  being  read 
in  the  morning  papers  of  London. 

1216.  The  relations  between  the  magnetic  needle  and  voltaic 
current  are  not,  however,  quite  so  simple  as  from  the  above 
statement  persons  might  at  first  suppose,  as  will  appear  in  the 
following  paragi'aph : — 


If  the  line  A H F represent  part  of  the  conducting  wire-circuit 
of  a voltaic  battery,  running  from  south  to  north,  supported 
by  the  standards  H and  F,  and  if  two  magnetic  needles,  move- 
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able  on  pivots,  are  2)laced  near  it,  of  which  the  letters  S N 
aiul  S'  N'  mark  the  south  and  north  poles,  one  of  these  needles 
beiinr  heh^o  the  wire  and  the  other  above  it — on  the  instant  when 
tlie  electric  current  is  made  to  flow  from  H to  F,  as  marked  by 
the  arrow,  both  needles  assume  positions  across  the  wire,  but  the 
one  below  turns  its  north  pole,  N,  to  the  west,  as  shown  by  the 
dotted  line,  n s,  and  the  other  above  turns  its  north  pole,  N', 
to  the  east,  as  also  here  indicated.  Then,  if  the  wire  be  bent 
down  at  F,  and  brought  back  in  the  direction  F E G D B,  re- 
versing thereby  the  direction  of  the  current,  a tliird  needle,  N"  S", 
placed  near  and  above  the  low  Avire,  G D,  instead  of  taking  a 
contrary  position  to  the  needle  above  N'  S',  because  the  dii'ection 
of  the  current  is  reversed,  will  take  the  same  position  as  N'  S', 
here  sliowm.  This  apparently  inconsistent  or  contradictoiy  result 
was  for  a time  a puzzle  ; but  it  was  soon  perceived  that  the  force 
operating  on  the  poles  of  the  magnets,  near  the  voltaic  wire, 
was  not  urging  simply  east  or  west,  but  all  round  the  wire,  in 
the  direction  of  a screw  or  spiral.  This  direction  may  be 
described  as  being  always  towards  the  left  side  of  a small  animal 
supposed  to  be  swimming  with  the  advancing  current,  head  fore- 
most, and  looking  always  towards  the  needle.  This  fact  becomes 
apparent  if  the  needle  be  supported  vertically  on  a horizontal 
axis,  as  in  the  electric  telegraph.  In  a circulating  or  rotatory 
motion,  as  of  a wheel,  the  parts  on  one  side  of  the  centre  or  axis 
are  ever  moving  in  exactly  the  contrary  direction  to  those  on 
the  other  side.  For  instance,  the  minute  hand  of  a clock, 
which  at  noon  is  moving  eastwards,  at  six  o’clock  in  the  evening 
is  moving  westwards. 

1217.  A remarkable  consequence  arises  from  these  facts, 
namely,  that  if  the  wire  of  the  voltaic  current  A E,  over  the 
needle  S N,  be  bent  down  at  E,  and  carried  back  to  G at  a short 


distance  below  the  needle,  instead  of  counteracting  the  influence 
of  the  upper  part  of  the  wire,  A E,  as  might  be  expected  from 
its  electric  current  being  in  the  contrary  direction  to  that  in  A E, 
it  doubles  the  effect.  The  part  of  the  rotating  or  wheel-current 
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about  the  upper  wire,  which  acts  on  the  north  pole,  N,  to  drive 
it  westward,  coincides  with  that  of  the  upper  part  of  the  current 
about  the  leaver  Avire,  also  moving  westward,  so  that  the  tAvo 
coincide  and.  assist  each  other. 

From  all  this  it  follows  that  if  the  wire  at  G is  bent  a second 
time,  and  carried  back  above  the  needle  tOAvards  E,  as  shown  here, 
and  from  thence  again  is  bent  round  at  F,  the  deflecting  force 
is  quadrupled,  and  so  on,  if  the  turns  are  farther  multiplied.  By 
this  device  of  the  coiling  the  wire  around  the  needle  a very 
feeble  voltaic  current  at  the  source  is  rendered  so  strong  to  deflect 
the  needle,  as  to  cause  a distinct  rattle  or  clink  of  it  on  an 
ivory  pin,  placed  to  limit  its  motion.  And  it  explains  Avhy  a 
voltaic  battery  in  London  of  moderate  strength,  having  a con- 
ducting wire  of  hundreds  of  miles  in  length  suffices,  when  aided 
by  coils,  to  work  satisfactorily  the  needles  of  the  most  distant  as 
well  as  of  various  intermediate  stations. 

1218.  A fact  which  was  less  expected  than  any  of  those 
hitherto  described  is,  that  if  the  conducting  wire  of  a voltaic  bat- 
tery be  formed  into  a long,  hollow  coil  or  spiral,  Avithin  which  a 
thick  bar  of  pure  soft  iron  is  placed,  that  iron  is  rendered  a 
powerful  magnet  so  long  as  the  current  floAvs,  but  instantly 
returns  to  its  natural  state  of  mere  iron  when  the  voltaic  circuit  is 
disjoined  or  broken.  And  if,  instead  of  a bar  of  soft  iron,  one  of 
hard  steel  is  placed  within  the  coil,  the  steel  is  rendered  a 
permanent  magnet  of  equal  force.  Thus  artificial  magmets  are 
now  formed  of  much  greater  strength  than  any  natural  magnet. 

1219.  A very  important  fact  in  regard  to  electrical  currents  is 
that  a wire,  as  A B,  wEile  serving  as  a conductor  connected  with 


a voltaic  battery  N P,  or  a strong  magnet,  if  placed  near 
another  insulated  wire,  C D,  but  not  touching  it,  causes  in  that 
other  wire  at  first  a strong  current  moving  in  the  opposite  direc- 
tion to  its  OAvn — the  battery  current  is  shown  by  the  arroAv  betAveen 
A and  B,  and  the  induced  opposite  current  by  the  arrow  from 
H to  C.  The  current  of  induction,  however,  soon  ceases,  as 
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proved  by  tlie  needle  of  the  galvanometer  G giving  no  sign  ; but, 
singularly,  •when  the  primary  current  is  suddenly  arrested  by 
breaking  the  battery  circuit,  a strong  recoil  current,  K D,  in  the 
direction  of  the  battery  current  takes  place  for  a moment  in  the 
wire  C D,  Thus,  by  making  and  breaking  the  circuit  at  short  in- 
tervals, there  is  an  equally  frequent  repetition  of  strong  opposite 
currents  capable  of  producing  important  effects.  Ruhmcorff 
has  manufactured  an  admirable  machine  of  this  nature.  A 
great  length  of  insulated  wii’e,  the  ends  being  E and  F,  ol 


moderate  size,  is  wound  round  a bobbin,  A B,  and  then  a much 
greater  length  (many  hundreds  of  feet)  of  smaller  wire  is  wound 
over  the  firet  quantity  (the  ends  being  C and  D),  and  a Battery 
sends  its  current  through  E F.  The  recoil  current  from  C D is 
produced  when  that  of  E F is  stopped.  Effects  of  intensity  are 
produced  by  such  combination  rivalling  those  of  batteries  of 
Leyden  jars. 

The  hypotheses  or  conjectures  of  scientific  inquirers  regarding 
electrical  currents,  the  intimate  constitution  of  material  masses, 
and  the  forces  which  hold  the  elementary  particles  of  masses  to- 
gether, are  yet  far  from  being  satisfactory.  Almost  all  inquirers, 
however,  now  agi’ee  that  there  must  be,  although  unperceived  by 
human  sense,  a medium  of  most  subtle  nature  pervading  general 
space,  and  closely  connected  with  the  phenomena  of  light,  heat, 
and  electricity.  If  the  fact  be  so,  our  globe  is  wholly  immersed 
in  it,  performing  all  its  motions  therein,  as  of  its  diurnal  rotation 
and  its  annual  revolution,  &c.  Now,  it  is  common  knowledge 
that  in  a perfectly  calm  atmosphere  a man  on  a galloping  horse 
has  a pressure  of  air  on  his  face  exactly  as  if  he  were  at  rest,  and 
tlie  wind  were  blowing  upon  him  with  the  speed  of  the  horse. 
Similarly,  if  a globe  of  any  substance  be  immersed  in  still 
water,  and  be  made  to  rotate  or  turn  on  its  axis  there,  any  small 
bodies  adhering  to  its  surface,  particularly  near  its  middle  or 
equator,  would  be  pressed  upon  as  if  a whirl  of  water  having 
the  velocity  of  the  surface  of  the  globe  were  acting  upon  it. 
Then,  this  earth  being  a globe  rotating  with  a speed  at  the 


632 


ON  ELECTRICITY. 


equator  of  more  than  a thousand  miles  an  hour  (for  the  circum- 
ference of  the  globe  is  nearly  twenty-five  thousand  miles,  and 
the  rotation  is  completed  once  in  twenty-four  hours)  there  is 
almost  a certainty  that,  while  the  earth’s  motions  continue,  there 
must  be  operating  near  its  surface  pressures  or  other  effects 
analogous  to  those  of  the  wind  produced  on  a rider  during  a 
calm  by  the  motion  of  a galloping  horse,  or  to  the  effects  of  the 
trade  winds,  caused  by  the  earth’s  rotation.  The  explanation  of 
electrical  and  magnetical  phenomena  may  become  more  complete 
when  this  matter  is  fully  investigated. 

1220.  In  the  science  of  electricity,  as  distinguished  from  the 
useful  a^pplicaiions  made  of  it,  the  chief  advances  since  the  time 
of  Oersted  have  been  made  by  Professor  Faraday.  It  was  he 
who  first  made  manifest  the  intimate  relations  between  electri- 
city and  magnetism,  which  have  led  to  magnets  being  now  sub- 
stituted in  many  cases  for  the  voltaic  battery.  It  was  he  who, 
by  obtaining  the  electrical  spark  from  the  bodies  of  the  fishes 
now  called  electrical,  proved  that  them  structure  included  a 
powerful  electrical  apparatus.  It  was  he  who  showed  that  many 
substances  besides  iron  were  subject  to  magnetic  influence;  and 
that  most  substances,  indeed,  when  placed,  with  full  liberty  to 
move,  between  the  poles  of  a strong  electro-magnet,  assume  a 
direction  either  from  pole  to  pole  or  diamagnetically  across  that 
line. 

Magnetism. 

Formerly,  in  systematic  treatises  on  Natural  Philosophy,  mag- 
netism stood  apart  as  a very  distinct  branch  of  science,  singularly 
at  variance  with  the  general  course  of  nature ; but  recently, 
since  more  extended  knowledge  of  both  electricity  and  mag- 
netism has  been  acquhed,  the  resemblances  between  them  are 
found  to  be  so  numerous  and  close,  that  nearly  all  the  pheno- 
mena can  be  referred  to  the  same  influences. 

When  the  most  obvious  facts  of  magnetism  first  attracted 
notice,  nothing  could  appear  more  strange  or  unlike  common 
nature. 

1221.  A dark-coloured  heavy  stone,  noAV  met  with  in  many 
parts  of  the  earth,  but  first  observed  near  a ^dllage  called 
Magnesia,  in  Asia  Minor,  from  which  it  got  its  name  of  magnet, 
was  found  to  have  the  singular  power  of  drawing  towards  it 
pieces  of  iron  or  steel,  and  of  hfting  them  into  contact,  and 
there  supporting  their  weight  for  any  length  of  time. 
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On  rubbing  such  a stone  against  rods  of  steel,  its  power  of 
attracting  iron,  as  well  as  other  powers,  ' ' 

was  communicated  to  the  steel,  and  then 
from  one  bar  of  magnetised  steel  other  bars 
without  end  could  be  magnetised  without 
there  being  any  diminution  of  force  in  the 
original  or  giving  bar.  A good  illustrative 
experiment  is  to  show  a common  iron  key  hanging  by  magnetic 
force  to  the  end  of  a magnetised  bar,  as  here  pictured. 

Such  a stone  or  magnetised  rod  of  steel,  if  suspended  by  a 
string  or  poised  on  a pivot,  so  as  to  have  freedom  of  horizontal 
motion,  soon  places  itself  with  one  of  its  sides  or  ends,  and 
always  the  same,  towards  the  north  pole  of  the  earth,  and  with 
the  opposite,  consequently,  towards  the  south  pole.  Its  own 
corresponding  sides  or  ends  so  discovered,  are  called  the  poles  of 
the  magnet.  If  the  stone  or  needle  be  by  any  force  disturbed 
from  the  position  so  taken  and  then  left  free,  it  always  of  itself 
returns  to  the  same. 

This  property,  called  the  polarity  of  the  magnet,  has  often 
been  referred  to  as  one  of  the  most  curious  facts  in  nature,  and  is 
of  vast  importance  to  humanity.  Men  are  often  placed  in  such 
circumstances  that  their  safety  and  even  life  may  depend  on 
their  being  able  to  judge  correctly  of  the  directions,  north  and 
south.  A man,  when  there  are  dangers  near,  may  be  suddenly 
enveloped  in  a tliick  fog  or  in  a blinding  fall  of  snow,  or  he  may 
lose  his  way  in  traversing  a forest  or  on  crossing  an  extensive 
plain  without  distinguishing  objects  on  its  surface,  or  in  a boat 
he  may  be  driven  by  a storm  out  of  sight  of  land  ; in  such  cases 
life  may  be  lost  if  he  judge  erroneously  of  his  place  or  of  the 
direction  in  which  he  moves.  ,In  any  such  dilemma,  a magnetic 
needle  carried  in  a seal  attaclied  to  his  watch  would  insure  safety. 
Had  the  mariner’s  compass,  which  is  only  a larger  needle  fitted  to 
bear  the  tossing  of  the  waves,  not  been  invented,  intercourse  of 
nations  by  sea  could  scarcely  have  taken  place.  In  remote 
])ast  times  nothing  could  have  seemed  more  incredible  than 
that  a stone  would  be  discovered  in  the  bowels  of  the  earth,  which 
could  point  always  with  certainty  to  the  pole,  where  highest 
human  sagacity  without  it  would  search  in  vain. 

1222.  If  two  poised  magnetic  bars  are  brought  near  to  each 
other,  the  poles  of  the  same  name,  noj-th  or  south,  are  found 
strongly  to  repel  each  other,  and  the  poles  of  different  names 
strongly  to  attract ; but  either  pole  is  equally  attractive  of  non- 
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magnetised  iron  or  steel.  In  tliese  facts  there  is  a striking 
resemblance  to  the  phenomenon  in  electricity  of  bodies  similarly 
electrified,  whether  positively  or  negatively,  being  held  apart  by 
strong  mutual  repulsion,  while,  if  dissimilarly  electrified,  they  as 
sti’ongly  attract,  and  either  of  them,  if  separate,  equally  attracts 
all  non-electrified  bodies. 

If  a magnetic  bar  or  needle  be  placed  for  an  instant  among 
iron  filings  and  then  be  lifted,  it  lifts  with  it  a considerable 

quantity  of  the  filings  cohering  around 
the  ends  in  tufts  or  lines  of  particles  as 
here  shown,  but  there  are  none  cohering 
near  the  middle  of  the  bar.  This  experiment  indicates  the 
different  force  of  the  attraction  at  different  distances  from  the 
poles  of  the  magnet,  and  the  non-attraction  in  the  middle  part 
about  the  so-called  equator. 

Simple  contact  or  near  approach  of  a magnet,  and  a piece 
of  soft  iron,  renders  the  iron  for  the  time  magnetic — nearly 
as  any  insulated  conductor  of  electricity,  if  brought  near  to  a 
— iB  highly-electrified  body  becomes  electrical, 

M through  the  influence  called  inductive,  de- 
P scribed  in  Art.  1219.  Thus,  the  magnet 
a B attracts  and  supports  the  piece  of 
iron  C,  and  that  becoming  magnetic,  similarly  supports  the 
second  piece  D,  which  again  can  support  E.  It  is  in  this  way 
that  the  lines  or  threads  of  iron  filings  in  the  preceding  experi- 
ment are  formed.  None  of  the  pieces  of  soft  iron,  ODE,  retain 
anything  of  the  magnetic  quality  after  the  contact  ceases. 
Pieces  of  steel  after  a time  might  retain  a portion. 

1228.  A magnetic  steel-bar,  however,  if  fitly  used,  imparts 
its  properties  permanently  to  other  steel  bars  without  losing 
any  part  of  the  power  which  it  possessed  itself.  The  common 

procedure  thus  to  magnetise  is, 
to  apply  at  the  centre  of  the 
new  steel  bar,  as  A B,  laid  on 
a table,  one  end  of  a strong  mag- 
net C E,  held  obliquely  as  here 
shown  (at  an  angle  of  about  30°), 
and  then  to  draw  the  magnet  steadily  along,  held  at  the  same 
angle,  to  B.  After  repeating  this  touch  several  times  on 
one  side,  the  other  end  of  the  magnet  E is  brought  to  the 
centre  of  the  bar  C,  and  is  drawn  along  to  A,  and  an  equal 
number ' of  passes  being  made  as  from  C to  B,  the  bar  A B is 
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permanently  magnetised.  Instead  of  tluis  using  a single  magnet 
C E for  both  ends,  two  similar  magnets  may  be  applied  at  the 
same  time. 

If  a sheet  of  paper  or  a plate  of  glass  be  placed  over  a magnet 
on  a table,  and  iron  filings  are  showered  over  the  level  surface 
from  a sieve,  on  then  tapping  gently  on  the  paper  or  glass,  the 
iron  filings  assume  more  or  less  an  arrangement  of  curved  lines, 
indicating  the  directions  in  which  the  supposed  cuiTents  of 
magnetic  force  operate. 

1224.  A bar  of  iron  or  steel  by  lying  long  near  a strong 
magnet  may  acquire  a degree  of  the  powers  of  the  magnet. 
Now,  this  great  globe  of  earth  which  man  inhabits,  by  the  in- 
fluence which  it  exerts  on  the  compass  needle,  is  proved  to  have 
magnetic  influence,  and  hence  has  been  called  a great  magnet. 
Possibly  the  masses  of  iron  ore  in  the  bowels  of  the  earth,  called 
natural  magnets  or  loadstones,  may  have  become  magnetic 
through  tlois  influence.  As  voltaic  currents  of  electricity  pro- 
duce the  strongest  magnets  yet  known,  and  as  artificial  rotation 
of  plates  of  metal,  or  other  substances,  can  produce  electrical 
and  magnetical  currents  near  them,  it  may  be  supposed  that  the 
swift  rotation  of  the  earth  may  be  concerned  in  producing  or 
modifying  its  magnetical  condition. 

It  is  known  that  a wind  of  forty  miles  an  hour,  even  in  a 
perfectly  calm  atmosphere,  blows  in  the  face  of  a passenger  in 
a railway  train  who  puts  his  head  out  to  look  forward,  and 
if  a bent  tube  be  held  out  with  its  mouth  turned  to  the  wind, 
the  rush  of  air  entering  the  carriage  through  it  could  strongly 
turn  a windmill  wheel,  and  thereby  perform  mechanical  work. 
The  trail  of  smoke  seen  behind  a steamship  or  a railway  loco- 
motive was  at  first,  by  many  persons,  supposed  to  prove  a wind 
a-head  having  that  speed,  but  it  is  merely  the  smoke  remaining 
in  a more  still  atmosphere  behind  the  engine  which  is  passing 
away  from  it. 

1225.  It  is  to  be  noticed  here  that  the  action  of  the  earth 
upon  a magnetic  needle  is  merely  directive.  A needle  floating 
on  a cork  support  soon  points  noi’th  and  south,  but  it  does  not 
approach  either  the  north  or  south  side  of  the  vessel  in  which 
it  floats.  The  explanation  offered  is  that  a pole  of  the  earth 
which  attracts  one  pole  of  a magnet  repels  the  other  pole,  and 
so  nearly  with  the  same  force,  that  the  magnet  is  not  removed 
from  its  place.  The  magnetic  action  has  relation  to  distance, 
but  the  difference  of  distance  from  a north  pole  of  the  earth  to 
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the  two  poles  of  a magnet  is  less  than  a milliontli  of  the  wliole 
distance,  and,  therefore,  is  'without  sensible  effect. 

It  is  for  this  reason  that  two  magnetic  needles  or  bars,  A and  B, 
of  equal  strength,  if  fixed  together  with  their  poles  reversed, 
that  is,  with  the  north  pole  of  the  one  ydaced  near  the  south 

pole  of  the  other,  exactly  balance  each 
other,  and  assume  no  particular  mag- 
netic direction,  while  they  still  exert 
their  separate  powers  on  objects  near 
to  them.  Such  double  needle  is  called  astatic  (without  fixed 
state). 

The  child’s  toy  of  a tiny  figure  of  a swan  having  a mag- 
netic needle  within  its  body,  which  immediately  obeys  the 
attraction  of  a magnet  held  in  a hand  near  it,  is  a good  illustra- 
tion. The  north  pole  of  the  concealed  magnet,  near  the  swan’s 
neck,  is  attracted  by  the  south  pole  of  the  magnet  held  in  the 
child’s  hand,  but  from  the  other  pole  the  swan  quickly  turns 
away  as  if  in  fear.  If  within  the  swan  there  were  an  astatic  needle, 
the  bird  would  appear  to  pay  no  attention  to  the  hand  magnet. 

1226.  In  the  mariner’s  compass  the  needle  is  so  balanced  on 
its  i^ivot  as  to  be  horizontal  in  all  parts  of 
the  earth  ; but  if  the  needle  is  free  to  turn 
also  on  a horizontal  axis,  it  will  be  horizontal 
only  near  the  equator,  but  at  other  places 
it  will  dip  down,  pointing  to  the  nearest 
magnetic  pole,  as  here  shown  at  B,  D,  E,  &c. 
A needle  so  arranged  is  called  a dipping 
needle. 

1227.  It  is  an  important  and  singular  fact,  to  he  noted, 
that  the  compass  needle  does  not  point  exactly  north  and  south, 
that  is  to  say,  the  magnetic  poles  do  not  quite  coincide  with  the 
poles  of  geography,  and  that  the  amount  of  deviation  called  the 

“ variation  of  the  compass  ” gradually 
and  slowly  changes,  being  sometimes  a 
little  to  the  east  and  sometimes  a little 
to  the  west  of  the  earth’s  pole.  The 
deviation,  however,  is  easily  ascertained 
by  referring  to  the  stars.  In  London, 
at  present,  the  needle  points  about  19° 
to  the  west  of  north.  In  the  year  1657, 
beyond  two  hundi-ed  years  ago,  there 
was  in  England  no  variation.  This  declination  diS’ers  con- 
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siclombly  in  different  parts  of  the  earth.  A satisfactory  expla- 
nation of  tliis  phenomenon  has  not  yet  been  given.  In  pocket 
compasses  it  is  common  to  place  a mark  on  one  side  of  the 
north  point  (liere  a minute  cross),  to  indicate  how  much  the 
magnetic  north  is  to  one  side  of  the  true  north. 

1228.  Among  the  close  resemblances  between  magnetic  and 
voltaic  action  may  be  noticed  such  facts  as  the  following : — If  a 
magnetic  bar  or  needle  be  broken  or  divided  into  parts,  each  part 
is  found  to  be  still  a complete  magnet,  having  its  north  and  soutli 
poles,  only  more  feebly.  So  if  a voltaic  battery  of  many  pairs  of 
plates  united  in  a row  be  divided,  any  part  still  manifests  the 
same  powers  and  poles,  only  weaker  in  proportion  to  the  diminu- 
tion. The  conducting  wire  of  a voltaic  battery,  if  formed  into 
a long  helix  or  spiral,  and  supported  so  as  to  have  freedom  of 
motion  about  a centre,  sets  or  comes  to  rest  in  a direction  north 
and  south,  as  a magnetic  bar  does. 

In  ships  built  of  iron,  or  having  iron  plates  or  bars  about  them, 
there  is  a disturbing  influence  on  the  compass,  which  has  to  be 
counteracted  according  to  the  nature  of  the  case. 

• 1229.  There  is  no  perceivable  difference  in  the  weight,  size, 
or  appearance  of  a steel  bar  when  in  the  state  of  soft  steel,  and 
when  afterwards  tempered  to  great  hardness  by  being  heated, 
and  then  suddenly  cooled  in  a cool  liquid.  There  is  as  little 
difference  between  a steel  bar  or  needle  in  its  ordinary  state  and 
after  being  rendered  magnetic.  There  must  be  produced  in 
both  cases  some  change  in  the  arrangement  of  the  atoms  or 
ultimate  particles  of  the  mass. 

The  Electric  Telegraph. 

1230.  This  admirable  invention  is  an  arrangement  of  parts 
fitted  to  produce  certain  results  in  accordance  with  the  laws 
of  electric  and  magnetic  force  explained  in  the  preceding  pages. 
People,  'generally,  are  now  aware  that  among  these  results  are 
the  following  : — Information  of  importance  to  individuals  or  to 
the  public  is  sent  from  any  part  of  a country  to  any  other,  and 
questions  are  asked  and  answers  returned,  all  within  a few  minutes. 
When  the  signs  of  coming  storms,  now  much  better  understood 
than  formerly,  are  anywhere  observed,  a telegrajDhic  notice,  which 
travels  a thousand  times  faster  than  any  storm,  can  be  sent  to 
places  in  the  direction  of  the  storm’s  progress,  so  that  useful 
precautions  can  be  taken.  In  seaports,  ship-captains  so  warned 
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can  delay  sailing  rnitil  the  danger  lias  passed.  If  telegi’aplis 
on  railways  did  not  exist,  constantly  passing  information  along 
the  lines,  of  the  arrival  and  departure  of  trains,  not  half  the 
present  traffic  on  the  lines  could  be  safely  carried  on.  When 
at  the  Observatory  of  Greenwich,  near  London,  the  clock  marks 
the  instant  of  noon,  or  any  other  time,  the  fact  through  a telegraph 
connected  with  the  clock  is  declared  at  many  other  important 
stations,  as  Liverpool,  York,  Glasgow,  Edinburgh,  where  by  the 
dropping  of  a ball  obeying  the  telegraph,  in  a conspicuous 
place,  or  the  firing  of  a gun,  the  information  is  widely  spread. 
A gun  fired  on  the  castle  hill  of  Edinburgh  by  an  electric  wire, 
nearly  a mile  in  length,  stretched  high  in  the  air  from  the 
Observatory,  is  heard  for  many  miles  around.  Shipmasters 
about  to  sail,  hearing  such  a report,  can  set  their  chronometers 
exactly  to  Greenwich  time ; and  clocks  and  watches  over  the 
country,  which  maintain  order  in  the  whole  business  of  society, 
may  thus  be  regulated. 

Construction  of  the  Telegraph. 

It  consists  of  several  parts,  as  below  enumerated. 

1231.  A voltaic  battery,  P N,  or  strong  magnet,  to  evolve  or 
generate  the  electricity.  The  letter  P marks  the  positive  pole 


of  the  generator,  and  N the  negative.  The  line  P A B indicates 
the  insulated  conducting  wire  leading  from  the  positive  pole  of 
the  battery  used  by  the  sender  of  a communication  to  the  needle 
13  C at  the  receiving  station,  and  from  thence  back  again  by  the 
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wire  C L)  E N to  the  negative  pole  N.  Along  the  sides  of  rail- 
ways these  vdres  are  conspicuously  seen,  suppoi-ted  in  the  air  on 
lofty  poles,  and  the  insulation  of  the  wires  is  effected  by  strong 
rings  of  glass  or  porcelain  fixed  near  the  top  of  the  poles  thi-ough 
which  rings  the  wires  pass. 

The  figures  1,  2,  3,  4,  mark  the  situation  of  some  one  of  the 
mechanical  contrivances  by  which  the  sender  of  a communication 
can  instantly  either  close  or  open  or  reverse  the  great  con- 
ducting circuit,  on  the  continuity  of  which  the  action  between  the 
stations  depends.  Of  these  contrivances,  called  the  Reotropes, 
{current  changer)  or  permuiator,  there  are  many  forms,  which 
need  not  be  described  here  in  detail.  Both  wires  of  the  battery 
have  a gap  in  them,  as  between  1 and  2 for  the  going  wire,  and 
3 and  4 for  the  returnmg  wire,  and  the  cut  ends  have  nobs  on 
them  between  which  the  reotrope  acts  as  two  draw-bridges,  which 
according  as  the  handle  H is  turned  to  the  right  or  left  makes 
nob  2 a part  of  the  wire  A B or  of  E D,  and  at  the  same  time 
makes  nob  4 a part  of  E D or  of  A B.  The  key,  when  standing 
upright  or  vertically,  leaves  both  gaps  open,  and,  therefore, 
without  voltaic  action  for  the  time.  Turning  the  key  fully 
from  one  side  to  the  other  reverses  the  current. 

By  this  arrangement  the  sender  can  open  and  shut  the  circuit 
and  can  reverse  the  currents  at  will  with  great  rapidity,  and  with 
tliese  powers  he  can  signify  all  the  letters  of  an  alphabet  to  a 
correspondent  or  co-operator  at  a distance  as  clearly  and  quickly 
almost  as  they  can  be  written  with  a pen.  As  many  systems  of 
an  alphabet  of  mere  motions  have  been  devised  as  there  are 
alphabets  of  visible  characters. 

The  telegraph  needle  being  within  a box,  L E,  like  the  case 
of  a chimney-piece  clock,  an  index  on  its  axis  appears  on  the 
outside  like  the  hand  of  a clock.  The  key,  or 
handle,  H,  below,  has  the  like  motion  to  the  left, 

L,  and  to  the  right,  B,  as  the  needle.  Then  to 
produce  an  alphabet,  one  movement  to  the 
left,  of  the  needle’s  north  point  or  pole  N 
may  signify  A,  two  such  in  quick  succession 
may  signify  B,  three  such  may  serve  for  0, 
four  such  for  D ; then  like  movements  to  the 
right  would  mark  four  more  letters,  then  these 
signs  made  on  one  side,  succeeded  or  preceded 
by  one  on.  the  other,  would  form  eight  more 
letters,  and  other  simple  combinations  would 
give  the  remainder  of  the  alphabet.  It  may  be  recalled  that 
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to  make  single  letters  of  the  written  alphabet  many  movements  of 
the  pen  are  required ; the  letter  m,  for  instance,  has  four  upward 
and  three  downward  motions.  These  statements  will  give  to 
any  reader  a general  conception  of  the  process  of  signalling 
language  by  telegraph,  and  more  than  a general  conception  is 
not  intended  here. 

r The  conducting  wire  of  any  telegraph,  from  London  to  Edin- 
burgh for  instance,  may  take  the  form  of  a coil  at  any  intemiediate 
stations,  and  may  work  needles  there  just  as  it  does  at  the  ex- 
tremes, so  that  the  same  piece  of  news  may  be  delivered  in  many 
places  at  the  same  instant. 

For  the  first  telegraphs  a second  wire  was  always  provided,  as 
the  return  conductor,  leading  from  the  place  to  which  a message 
was  sent,  back  to  that  whence  it  came ; but  the  important  dis- 
covery was  soon  made,  that  if  the  current  pass  by  a well-insulated 
wire  from  one  station  to  another,  the  natural  earth  will  serve 
perfectly  as  a return  conductor,  and  thus  much  of  the  expense 
is  saved.  The  figure  at  Art.  1231  shows  this  simple  arrange- 
ment. P N is  the  voltaic  trough  or  battery,  P being  the  positive 
pole,  N the  negative,  and  P A B the  cou ducting  wire  of  the 
positive  electricity  from  the  sending  station  to  the  receiving 
station  B C.  At  D the  current,  instead  of  returning  by  the 
wire  DEN,  descends  to  a broad  plate  of  copper  G-  buried  in  the 
ground,  and  from  that  is  conducted  by  the  ground  itself  (as  here 
represented  by  several  fine  wires)  to  a similar  plate  buried  near 
the  battery  at  H,  from  which  it  rises  by  a single  wire  to  the 
negative  pole  N.  By  the  side  of  railways,  existing  all  over  the 
country,  the  telegraph  poles  are  now  seen  supporting  the  nume- 
rous wires  required  for  the  great  intercourse  going  on,  to  and 
fro,  while  the  ground  is  serving  generally  as  the  return  con- 
ductor. 

In  beginning  a telegraphic  communication,  the  sender  rings 
a bell  at  the  distant  station  by  a touch  of  the  telegraph  key 
under  his  hand,  which  causes  the  electric  current  to  render  a 
piece  of  soft  iron  at  the  distant  station  magnetical  for  a 
moment,  and  so  withdraws  a detent  to  allow  a weight  to  ring  a 
bell,  as  occurs  in  the  common  alarum  clock.  It  affords  a 
striking  proof  of  the  rapidity  of  the  electric*al  movement  to  find 
that  the  person  who  by  a touch  instantly  rings  a bell  in  Edin- 
burgh may  have  his  own  bell  as  quickly  rung  in  reply  by  a 
touch  given  in  Edinburgh,  which  tells  that  the  coi-respondent 
there  is  at  his  post. 

1232.  But  the  needle-telegraph  above  described  is  only  one 
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of  numerous  mecliauical  arrangeiuents  now  extensively  em- 
ployed, by  which  letters,  and,  therefore,  any  words  and  thoughts 
can  be  signalled  to  a distance  with  lightning-speed.  The  needle 
form  was  the  first  publicly  established,  and  it  is  still  extensively 
used  in  Britain.  For  it  the  world  is  indebted  to  Professor  Wheat- 
stone, whose  correct  science  and  exhaustless  mechanical  ingenuity 
have  produced  also  not  a few  other  novelties  of  high  value, 
as  the  stereoscope,  which  now  delights  every  eye,  and  the 
conceHina  and  sxjmphmion,  which  delight  all  who  feel  the  charm 
of  music.  There  are  few  studies  in  practical  mechanics  more 
interesting  than  that  of  the  ways  in  which  ingenious  men  have 
sought  best  to  obtain  the  objects  of  electric  telegraphy.  A whole 
volume  Like  the  present  could  contain  the  details  of  but  a part 
of  them.  We  shall  glance  at  two  other  forms  of  telegraph. 

1233.  A simple  arrangement'  for  letters  was  introduced  in 
North  America  by  Dr.  Morse,  soon  after  his  return  from  this 
country,  where  he  had  been  studying  the  subject.  It  makes  on 
paper  simple  marks  as  legible  as  the  letters  of  common  alpha- 
bets. A long  narrow  slip  or  ribbon  of  paper  is  by  clockwork 
uniformly  unwound  from  a drum  or  reel  when  the  telegraph  is 
in  action,  to  pass  under  a steel  point  fixed  to  the  end  of  a lever- 
maguet,  worked  by  the  electrical  current.  The  point  descends 
like  a pencil  to  press  on  the  paper  whenever  the  key  of  the 
telegraph  is  turned.  It  can  make  on  the  paper  either  a mere 
dot  or  a Line  of  any  desmed  length,  according  to  the  duration  of 
the  contact  allowed ; and  the  letters  consist  of  dots  and  lines 
variously  combined.  There  is  the  great  advantage  in  this  and 
other  marking  forms,  that  they  leave  a permanent  record  of  the 
communications  sent,  to  be  referred  to  afterwards,  if  required. 

1234.  Several  more  complex  arrangements  have  been  devised, 
which  print  the  communications  in  the  common  Roman  letters 
or  others.  One  of  the  most  interesting  of  these  was  that  early 
proposed  by  Wheatstone,  and  recently  brought  by  him  to  high 
perfection  in  the  service  of  the  “ Universal  Private  Telegraph 
Company.”  The  company  is  so  called  because  parties  using  its 
instrument  have  a distinct  wu-e  or  conductor  exclusively  for  them- 
selves. The  instrument  is  called  also  a dial-telegraph,  because  on 
a dial-plate,  like  the  face  of  a watch  or  clock,  the  letters  of  a com- 
mon alphabet  appear  all  round,  in  lieu  of  the  usual  marks  for 
the  hours.  There  is  over  the  dial  a turning  arm  or  pointer  like 
the  minute  hand  of  a clock,  which  the  sender  of  a message 
arrests  to  mark  in  succession  each  of  the  single  letters  which 
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spoil  the  words  to  be  conveyed.  The  attendant  at  the  distant 
station  has  before  him  a similar  dial-face,  on  which  the  move- 
ments of  the  hand  or  index  perfectly  correspond  with  those  of  the 
sender.  Persons  using  this  telegraph  have  not,  either  for  sending 
or  receiving  a message,  to  learn  a new  alphabet,  and  in  a few 
minntes  any  one  can  be  shown  how  to  use  it.  Further,  for  this 
telegraph  the  electric  currents  are  produced  by  a steel  magnet, 
which  saves  the  expense  and  delay  of  managing  a voltaic 
trough  with  its  liquid.  One  form  of  it  prints  permanently 
the  communications  sent  by  it. 

The  conducting  wires  of  this  telegraph  in  towns  are  placed 
chiefly  above  the  roofs  of  the  houses  in  the  form  of  a few  small 
ropes  supported  on  poles.  Those  ropes  may  contain  each  fifty 
or  more  distinct  insulated  wires,  the  ends  of  one  of  which  are 
brought  down  to  the  two  houses  or  offices  placed  through  it  in 
communication.  The  value  of  such  simple  and  ever-ready  means 
of  intercourse  is  great  between  central  public  offices  and  their 
branches,  as  for  the  post-office,  the  police,  fire-brigade,  bankers, 
&c.,  also  between  the  principals  of  extensive  manufactming  or 
commercial  undertakings  and  then’  agents,  or  between  any 
friends  living  apart  who  may  desire  to  have  frequent  intercourse 
without  leaving  home.  The  expense  is  a rent-charge  of  so 
much  by  the  year  for  the  exclusive  use  of  a wire  and  dials, 
and  the  lease  may  be  abandoned  at  will. 

1235.  The  submarine  telegraph,  which  connects  countries 
separated  by  seas,  is  of  an  importance  wdiich  can  scarcely  be 
overrated.  It  differs  from  the  forms  used  on  land,  chiefly  in  the 
fact  that  the  conducting  wu’es  have  to  lie  deep  in  water,  and  yet 
to  be  secure  against  the  contact  of  water.  Elastic  gum  or  caout- 
chouc proves  to  be  a good  inner  defence,  which  has  to  be  pro- 
tected externally  by  coverings  of  pitched  hemp  and  strong  u’on 
wire,  so  as  to  form  a cable  not  likely  to  be  injured  by  severe 
strains  or  rocky  bottoms.  Many  submarine  cables  are  now, 
after  early  failures,  serving  perfectly. 

Since  the  invention  of  the  electric  telegraph  this  world  may 
be  regarded  almost  as  a new  world  for  man,  from  which  the 
obstacles  to  human  advancement  depending  on  distance  have 
been  almost  wholly  removed. 
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PART  V. 

THE  PHENOMENA  OF  THE  HEAVENS. 


Astronomy  is  a Greek  word  composed  of  aster  a star  and  nomos 
law.  It  was  used  to  signify  Avkat  could  be  learned  respecting 
the  distant  objects  visible  in  the  sky,  as  to  their  distances,  sizes, 
motions,  and  relations  to  this  earth.  The  word  has  passed  into 
modern  languages  like  many  other  scientific  terms,  because  the 
earliest  scientific  writings  in  Europe  which  have  been  preserved 
to  the  present  time  were  in  the  Greek  language. 

Man’s  knowledge  of  the  universe  around  him  has  been  slowly 
and  gradually  acquired.  A person  born  into  it  can  know  only 
what  his  OAvn  senses  and  experience,  or  the  experience  of  others 
reported  to  him  may  teach,  nearly  as  happens  on  a small  scale 
to  persons  thrown  on  any  strange  land.  Thus,  although  the 
human  race  has  existed  on  the  earth  now  for  thousands  of  years, 
it  is  less  than  four  hundred  since  the  inhabitants  of  Europe  and 
Asia  became  aware  that  there  lay  to  the  westward  from  Europe 
another  region  nearly  as  extensive  as  their  own,  which  has 
since  been  called  by  them  the  New  World  of  America.  The 
time  is  still  shorter  since  they  discovered  the  passage  by  sea  round 
the  Cape  of  Good  Hope  from  Europe  to  the  countries  of  India 
and  Eastern  Asia.  Then,  in  regard  to  knowledge  of  Nature’s 
laws  and  the  arts  founded  on  them  which  now  distinguish 
civilized  from  savage  men,  the  acquisition  has  been  similarly 
slow.  The  arts  of  rapid  spinning  and  weaving,  of  making 
carpenters’  tools,  of  fonning  an  alphabet  of  sounds  for  written 
language,  of  producing  gunpowder,  telescopes,  steam-engines, 
and  innumerable  other  such  things,  have  aU  gradually  sprung 
up  as  fruits  of  man’s  ingenuity  and  industry. 

There  have  been  two  main  causes  why  useful  knowledge  ac- 
quired and  applied  by  the  people  of  one  locality  did  not  more 
quickly  than  has  happened  spread  into  others.  The  first  was 
that  in  early  ages  there  was  generally  enmity  and  even  open 
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Avar  between  neighbouring  communities,  tlie  name  of  foreigner 
in  them  often  meaning  also  enemy.  The  second  was  that  the 
art  of  writing,  by  wliich  knowledge  can  be  preserved  coiTectly  as 
well  as  permanently,  was  not  an  early  invention,  and  it  spread 
slowly.  Records  depending  on  oral  tradition  soon  become  in- 
accurate and  often  are  perverted.  Witness  the  mass  of  monstrous 
fables  commonly  called  the  early  history  of  Greece  and  Rome, 
but  which,  nevertheless,  formed  the  basis  of  the  popular  religions 
of  these  countries. 

People  accustomed  to  the  climate  in  which  they  have  been 
born  and  have  lived,  and  to  the  mental  condition  of  the  race  of 
men  of  which  they  themselves  are  members — Caucasian,  Mongol, 
Chinese,  African,  &c.,  when  they  pass  to  other  countries  and 
find  the  personal  appearance  of  the  natives,  the  language,  dress, 
manners,  religious  opinions,  and  so  forth,  strikingly  different  from 
their  own,  are  apt  to  deem  what  they  have  always  known,  to  be 
nearer  to  simple  and  perfect  nature  than  what  may  seem  to 
them  strange,  odd,  absurd,  &c.,  among  the  iieAV  acquaintances. 

1236.  A good  illustration  of  how  much  men’s  knowledge  of  what 
is  really  according  to  nature  depends  on  their  own  experience, 
was  offered  during  an  interview  which  took  place  between  an 
Indian  prince,  who  had  never  left  the  warm  region  in  which 
he  was  born,  and  the  captain  of  a sliip  from  Europe,  recently 
arrived  by  the  newly  discovered  route  of  the  Cape  of  Good 
Hope.  The  prince  had  listened  with  singular  interest  and 
satisfaction  to  the  account  given  of  the  ways  of  Europe  in 
regard  to  government,  the  affairs  of  peace  and  war,  new  scientific 
inventions,  and  so  forth ; but  when  the  stranger  had  to  speak 
of  the  winter  season,  and  to  say  that  the  cold  was  so  intense 
as  to  render  the  water  of  the  rivers  and  lakes  hard  and  so 
strong  as  to  bear  the  weight  of  men  and  horses  walking  upon  it, 
the  prince  began  to  suspect  the  truth  of  the  reporter.  When  it 
was  further  stated  that  instead  of  rain  falling  during  that  season 
there  came  down  white  soft  flakes  like  feathers,  in  such  quantity 
as  to  cover  the  earth  to  a depth  of  many  feet,  in  some  places 
even  to  conceal  houses  and  trees,  the  prince  no  longer  doubted 
that  he  had  an  impostor  before  him,  who,  further,  was  grossly 
insulting  him  by  supposing  him  weak  enough  to  believe  asser- 
tions so  contrary,  as  he  said,  to  all  human  experience  aud 
common  sense.  He  ordered  the  man  instantly  Rom  his  presence. 

An  educated  person  now,  reflectiug  on  this  narrative  does 
not  find  in  it  proof  that  the  prince  was  of  Aveak  mind,  but  Avas  of 
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narrow  experience.  And  lie  may  reflect  that  even  in  Europe 
about  the  same  time  persons,  deemed  the  most  enlightened 
of  the  day, — university  professors,  divines  and  statesmen, — had 
manifested  ignorance  as  dark,  respecting  much  more  import- 
ant things  than  ice  and  snow,  and  had  resented  still  more 
strongly  the  apparent  insult  offered  to  their  wisdom  and  dignity 
by  individuals  who  had  discovered  new  truths  important  to  the 
world,  of  which  they  were  seelving  to  spread  the  knowledge. 
Kefereuce  is  made  here  to  the  labours  of  Columbus,  in  regard 
to  geography,  and  of  Kepler,  Copernicus,  Galileo  and  others,  in 
regard  to  astronomy. 

1237.  It  was  near  the  beginning  of  the  fifteenth  century  of  our 
era  that  an  Italian  mariner,  Christian  Colon  or  Columbus,  of  much 
experience  and  rare  sagacity,  declared  his  conviction  that  this 
earth  had  not,  according  to  the  common  belief  of  the  time,  an 
upper  surface  nearly  plane  and  level  of  vast  breadth,  surrounded 
by  an  ocean  of  unknown  extent,  but  was  a great  globe,  or  ball, 
balanced  in  open  sj)ace  and  offering  all  round  fit  habitation  for 
man.  He  held  that  on  the  side  of  this  globe  opposite  to  Europe 
the  regions  called  Indian  or  the  East  lay.  At  the  same  time 
he  offered  to  conduct  an  expedition  across  the  hitherto  unex- 
plored western  ocean,  the  Atlantic,  having  assurance  of  so  reach- 
ing, by  a more  convenient  way  than  any  other,  the  regions  above 
referred  to  of  Eastern  Asia.  The  Portuguese,  Spanish,  and 
other  governments  were  in  succession  applied  to  by  him  for  aid, 
but  all  of  them  were  incredulous.  They  submitted  the  project 
to  the  scientific  authorities  of  the  time,  but  these,  without  ex- 
ception, declared  that  Columbus  must  be  an  insane  visionary 
and  rash  adventurer,  whose  notions  were  contrary  to  common 
sense  and  to  the  authority  of  the  Bible.  One  party  thought  to 
settle  the  question  at  once  by  remarking  that  the  people  on 
the  other  side  of  the  world  of  Columbus  must  be  standing  with 
then  feet  up  and  their  heads  down ; that  ships  there  would  have 
to  sail  with  their  masts  undermost,  and  that  rain  would  have 
to  fall  upwards.  The  project  was  declared  to  be  utterly  absurd, 
and  advice  was  given  that  the  voyage  should  not  be  attempted 
nor  even  allowed.  The  prudent  replies  made  by  Columbus 
to  the  various  objections  were  all  in  vain,  as  were  also  his 
appeals  in  other  quarters  for  countenance  and  help — until  the 
spirited  Isabella,  queen  of  Ferdinand  of  Spain,  after  an  inter- 
view granted  to  Columbus,  was  so  convinced  by  his  explanations 
and  eloquence  that  she  offered  to  ]fiedge  her  jewels  to  meet  the 
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expenses  of  tlie  enterprise.  Ships  were  fitted  out,  and  the 
experiment  was  made,  of  which  the  glorious  results  are  known 
to  all.  The  new  world  of  America  was  then  discovered,  im- 
i:)eding  somewhat  the  most  direct  way  by  sea  from  Europe  to 
Asia,  but  proving  that  all  the  reasonings  and  anticipations  of 
Columbus  were  sound.  At  the  present  time,  ships  are  arriving 
every  day  from  countries  pf  the  far  East,  as  Australia  and 
New  Zealand,  completing  a voyage  round  the  globe,  by  coming 
home  by  the  southern  cape  of  America.  In  almost  every 
library  now  there  is  placed  a mounted  globe,  which  is  a perfect 
miniature  model  of  the  great  earth  on  which  we  live,  exhibiting 
accm’ately  the  form,  dimensions,  and  relative  positions  of  all 
the  countries  on  its  surface ; and  which,  if  set  in  the  sunshine 
in  a proper  position,  shows  exactly  the  parts  of  the  earth  on 
which  the  sun  is  at  the  moment  shining. 

1238.  If  the  stranger  from  Europe  when  before  the  Indian 
prince,  as  above  described,  could  have  filled  a cup  with  water 
from  a neighbouring  fountain,  and  immersed  it  for  a few  minutes 
in  any  of  the  freezing  mixtures  now  in  common  use,  he  might 
have  thrown  the  contents  of  the  cup  on  the  table  as  a lump  of 
ice,  convincing  all  present  of  the  truth  of  what  he  had  said. 
Or  the  evidence  of  some  intelligent  Indian  witnesses  after  a 
visit  to  Europe  would  have  answered  the  same  purpose.  The 
facts  of  Astronomy,  to  persons  of  limited  experience  or  defec- 
tive education,  when  stated  shortly  as  here  below,  Avould  appear 
still  more  incredible  than  the  existence  of  ice  and  snow  did 
to  the  prince,  and  indeed,  might  be  deemed  more  bke  the 
wild  dream  of  a disordered  brain  than  a statement  of  realities. 
The  astronomer  says,  “ This  earth  which  we  inhabit  is  a vast 
globe  balanced  in  open  space,  turning  rapidly  on  its  centre,  and 
ever  wheeling  round  the  sun,  being  one  of  many  like  globes  so 
circumstanced,  and  the  sun  being  one  of  many  like  bodies  givmg 
light  and  heat.”  Yet  all  this  and  other  kindred  facts  are  proved 
beyond  doubt  by  the  momentous  discoveries  made  in  late  times 
through  powerful  telescopes,  and  by  the  evidence  of  thousands 
of  intelligent  mariners  who  have  now  sailed  round  the  world  in 
all  directions,  and  have  left  recorded  in  their  log-books,  written 
from  hour  to  hour,  the  important  phenomena  witnessed  by  them. 

The  distinguished  Greek  philosopher  Aristotle,  whose  authority 
was  great,  for  good  and  for  evil,  for  more  than  tw^o  thousand 
years,  had  laboured  before  the  invention  of  telescopes  and 
other  apparatus,  and  before  correct  astronomical  observations 
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luad  accumulated.  Not  being  able,  tlmretbre,  to  discover  much 
of  order  among  celestial  phenomena,  be  concluded  tliat  the  laws 
which  governed  them  diflered  essentially  from  those  ruling 
below.  This  view  having  been  widely  accepted,  influenced 
unfavourably  astronomical  research.  At  last  the  momentous 
discovery  was  made  by  Isaac  Newton,  tliat  there  exists  among 
all  ponderable  substances  a mutual  attraction,  which  he  named 
(jravitatim,  which,  as  the  particles  of  ivater  are  drawn  together 
into  a drop  of  rain  or  dew,  draws  together  into  a larger  globe 
the  materials  of  this  earth  and  of  the  other  planets,  and 
modifies  all  the  motions  going  on  among  visible  bodies.  Thus 
it  was  proved  that  the  same  laws  of  ])lienomena  prevail  through 
nature,  both  celestial  and  terrestrial.  They  appear  to  be  different 
chiefly  because  the  scale  among  the  former  is  so  prodigiously 
greater  than  among  tlie  latter.  Men  are  familiar  on  eaidh  with 
exact  miniature  counterparts  of  much  that  is  going  on  throughout 
the  boundless  expanse  of  space.  These  general  laws  have  been 
considered  in  the  preceding  parts  of  this  volume,  principally 
as  manifested . among  terrestrial  things.  The  object  of  the 
present  chapter  is  to  show  them  similarly  governing  among 
celestial  things. 

Extended  Outline  of  the  Facts  of  Astronomy. 

Section  1.  This  Earth  is  a globe  of  nearly  8,000  miles  in  diameter,  of 
which  the  substance  is  held  together  in  rounded  form  by  the  mutual  at- 
traction of  all  its  particles,  as  shown  on  a small  scale  in  drops  of  rain  or 
dew.  The  earth  is  distant  nearly  30  times  its  own  diameter  from  the 
next  nearest  body  to  it — the  Moon. 

Section  2.  It  is  rotating,  or  turning  about  its  centre,  like  a ball  hanging 
by  a twisted  cord,  and  by  being  in  view  of  the  Sun  it  has  the  changes 
of  day  and  night. 

Section  3.  It  revolves  or  travels  round  the  Sun,  as  a stone  in  a sling 
round  the  hand  of  the  slinger,  once  in  365  days  and  a fraction,  the  period 
called  a year,  and  so  has  the  change  of  the  seasons. 

Section  4.  It  is  accompanied  by  the  smaller  globe,  the  Moon,  which 
revolves  round  it  as  it  revolves  round  the  Sun. 

Section  5.  It  is  the  third  as  to  distance  from  the  sun,  and  length  of  year  of 
a series  of  like  globes  called  Planets,  some  being  large)-  and  some 
smalle)-  than  it,  those  smaller  having  no  moon,  and  the  larger  having 
more  than  one.  Around  the  S)m  there  revolve  also,  in  very  elongated  * 
orbits,  many  transparent  masses  of  little  density,  called  Comets. 

Section  6.  The  Sun  himself  is  the  nearest  to  this  earth  of  unnumbered 
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the  others,  because  much  more  distant,  appear  to  human  sight  very  small, 
and  called  Stars. 

Section  7.  The  motions  or  changes  of  place  going  on  among  the 
heavenly  bodies  are  so  regular,  that  astronomers  can  now  tell  what 
their  relative  'positions  have  been  through  long  past  time,  and  icill  be 
through  the  future,  and,  so  can  predict  the  exact  time  of  coming 
Eclipses,  Occultations,  Transits,  High  and  Low  Tides,  and  other 
such  phenomena — as  is  set  forth  in  almanacs  published  by  authority, 
years  in  advance  of  the  events. 

Section  8.  There  are  inmimerable  proofs  on  earth  that  during  the  lapse 
of  ages  great  changes,  have  taken  place  upon  it  in  regard  to  tem- 
perature, the  distribution  of  land  and  water  on  its  surface,  and  the  hinds 
of  animals  and  vegetables  spread  over  it. 

Note. — Before  proceeding  farther,  the  student  will  peruse  with 
profit  the  Section  on  Counting  and  Measuring  given  in  the  Appendix. 


Section  1.  “ This  earth  is  a globe  or  hall,  nearly  8000  miles  in 
diameter,  of  which  the  substance  is  dratvn  and  held  together 
in  a rounded  form  by  the  mutual  attraction  of  the  com- 
ponent particles.^' 

Very  slowly  have  the  facts  been  ascertained  which  prove 
the  truth  of  these  assertions.  We  proceed  to  state  some  in 
connected  order. 

1239.  If  water  be  allowed  to  escape  through  a small  open- 
ing in  the  bottom  of  a glass  tube,  it  appears  as  a mass  rounded 
below,  and  increasing  until  its  weight  is  greater  than  the  attrac- 
tion between  it  and  the  tube  above.  It  then  falls,  as  a round 
drop,  the  mutual  attraction  of  the  particles  being  equal  in  aU 
directions,  producing  such  form.  The  successive  drops  are  all 
of  the  same  magnitude,  and  their  number  in  a given  time 
measures  the  quantity  of  liquid  fallen. 

1210.  Dew  accumulating  on  the  leaves  and  stalks  of  plants 
takes  similar  globular  form.  Small  quantities  of  quicksilver  scat- 
tered on  a level  table  exhibit  it  also  very  remarkably  by  theii- 
reflecting  light  strongly,  and  if  several  of  these  are  gently  pushed 
together  they  at  once  coalesce  and  form  a larger  globule  flat- 
tened a little  on  the  under  side,  which  rests  on  the  table.  Still 
more  complete  instances  of  this  kind  are  the  millions  of 
little  perfect  spheres  of  the  shot-lead  used  by  sportsmen..  These 
were  melted  lead  showered  down  from  a height,  and  the  drops 
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were  solidified  l>y  cooling  during  their  descent.  In  small  masses 
of  liquid,  the  attraction  of  particles  from  their  proximity  is 
very  strong,  and  is  called  cohesive  attraction. 

1241.  But  the  general  attraction,  named,  by  its  discoverer  New- 
ton, gravitation,  acts  at  all  distances.  Thus,  a plummet,  or  ball  of 
lead,  hanging  by  a thread,  Avhen  it  is  over  an  extended  plain 
has  the  thread  pointing  du-ectly  downwards,  or  at  right  angles 
to  the  surface  of  still  water;  but  if  the  experimeiit  be  made 
near  a steep  mountain,  the  ball  and  string  lean,  or  are  attracted, 
towards  that,  and  by  delicate  tests  are  found  to  be  less  attracted 
towards  the  mountain  than  towards  the  earth  below  it,  owing  to 
Avhat  is  called  its  weight,  only  because  the  mountain  is  so  much 
smaller  than  the  earth,  although  its  influence  is  increased  by  its 
centre  being  nearer. 


jj 


1242.  A strictly  corresponding  result  is  obtained  in  the  expe- 
riment of  balancing  two  small  bells  of  any  metal,  A and  B,  at 
the  end  of  an  horizontal  rod  of  wood,  hanging 

from  a lofty  support  C by  a single  wire  CD.  ^ 

If,  when  the  loaded  wood  is  perfectly  at  rest, 
a heavy  mass  of  any  kind  is  brought  near  to 
the  side  of  one  of  the  balls,  it  attracts  the 
baU,  twisting  the  suspending  wire  in  a degree 
which  indicates  the  force  operating.  This 
arrangement  constitutes  a torsion  balance. 

It  wiU  be  explained  afterwards  that  the  periodical  rising  of 
the  great  ocean-wave,  called  the  tide,  beneath,  and  following  the 
apparent  place  of  the  moon  when  overhead,  is  an  effect  of  the 
attraction  of  the  moon  acting  on  the  moveable  water  beneath  it. 
Newton  discovered  the  law  of  gravitation,  which  rules  this  and 
other  phenomena  innumerable,  while  studying  the  motions  of 
the  moon  in  her  orbit  round  the  earth. 

1243.  The  law  is  expressed  in  these  words  : “ Every  particle 
or  mass  of  matter  attracts,  and  is  attracted  by,  every  other  par- 
ticle, or  mass,  with  force  proportioned  directly  to  the  magnitude 
of  the  masses,  and  inversely  to  the  square  of  the  distances 
between  them.” 

1244.  It  is  the  force  of  the  earth’s  attraction  which  causes  the 
descent  of  a clock-pendulum  to  the  bottom  of  its  arc,  from  which, 
by  the  momentum  acquired  during  its  fall,  it  ascends  again  to 
an  equal  height  on  the  opposite  side.  It  then  falls  again,  and 
so  continues  to  vibrate.  If  the  force  of  gravitation  were  greater 
or  less,  the  vibrations  would  be  quicker  or  slower.  A pendulum 
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at  the  level  of  the  sea  is  nearer  to  the  centre  of  the  earth  tlian 
when  high  on  a hill-sicle,  and  the  vibrations  are  fewer  as  the 
elevation  is  greater,  in  accordance  with  the  law  above  ex- 
pressed. 

1245.  It  was  after  Newton’s  gi’eat  discovery  of  gravitation  that 
men  understood  that  the  pressure  of  their  feet  on  the  ground, 
produced  by  what  they  call  their  weight,  is  really  a mutual 
attraction  between  their  bodies  and  the  earth,  somewhat  like 
that  between  iron  filings  and  the  end  of  a magnet,  around  which 
the  filings  cling.  The  force  of  this  attraction,  like  that  of  the 
magnet,  bears  a proportion  to  the  distance.  In  consequence  of 
such  attraction  a man,  on  whatever  part  of  the  globe  he  be 
placed,  stands  with  liis  feet  towards  the  centre,  and  the  locality 
appears  to  him  to  be  the  top  of  the  globe. 

The  facts  above  noted  suggest  the  conclusion  as  probable  that 
this  earth  is  of  globular  form.  The  additional  facts  yet  to  be 
considered  convert  such  jarobability  into  certainty. 

1246.  Canals  for  inland  navigation  are  now  common  over  the 
civilized  world,  and  every  intelligent  constructor  is  aware  that 
theu’  bottom,  in  order  that  the  depth  of  water  in  them  shall  be 
everywhere  the  same,  must  be  made,  not  a straight  surface  repre- 


sented by  the  line  ABC,  seen  level  at  B,  but  as  part  of  a hoop 
or  curved  surface  D B E,  sinking  downward  from  the  straight  or 
tangent  level  ABC,  taken  at  the  point-  B,  very  nearly  eight 
inches  for  the  first  mile  from  B. 

1247.  And  the  important  fact  is  to  be  remarked  (more  fully 
explained  in  the  Appendix),  that  the  sinking  from  the  tangent 
line,  at  double  distance  from  B,  is  not  tivice  eight  inches,  as 
might  be  expected,  but  four  times  eight ; at  triple  distance,  is 
not  three  times,  but  nine  times  as  much,  and  so  on  for  other 
distances,  as  the  squares.  Thus,  the  distances  in  miles  being 
1,  2,  3,  4,  &c. ; the  squares  are  1,  4,  9,  16,  &c. ; and  the  inches 
of  descent  are  8,  32,  72,  128,  &c.  For  greater  distances  the 
descent  is  calculated  in  the  same  way,  and  it  is  found  that  at  a 
distance  of  10  miles  it  is  66  feet,  at  14  miles  150  feet,  at  150 
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miles  (the  distance  at  whicli  the  Peak  of  Tenei-ifife  comes  into 
view  over  the  watery  horizon)  the  descent  is  15'84U  feet,  or 
nearly  3 miles,  the  true  height  of  that  mountain. 

It  is  to  be  observed  that  the  rule  explained  here  for  heights 
and  distances  tells  also  what  breadth  of  sea  is  visible  from  any 
given  elevation  above  its  surface,  whether  from  the  mast  of  a 
ship  or  from  the  land. — The  engravings  given  here  greatly  exag- 
gerate some  of  the  proportions  to  render  the  lessons  more 
striking. 

1248.  A simple  mode  of  proving  the  fact  of  this  sinldng  doAvn 
of  the  true  level  of  a canal  from  the  tangent  or  apparent  level, 
and  of  ascertaining  its  amount  is,  to  set  up  in  the  middle  of  a 
straight  canal  a row  of  poles,  rising  all  ten  or  more  feet  above 
the  surface  of  the  water.  If  the  row  be  quite  straight,  a person 
looking  along  with  the  naked  eye,  or  with  a telescope,  from  near 
one  end,  can  see  only  the  nearest  pole,  for  it  would  hide  all  the 
others,  because  light  moves  in  straight  lines.  But  if  on  these 
poles  cross-pieces  are  affixed  at  equal  heights,  say  of  five  feet, 
above  the  water,  and  if  the  telescope,  set  level  at  that  height,  is 
then  directed  along  the  level,  instead  of  the  nearest  cross-piece, 
hfding  all  the  others,  as  is  true  of  the  vertical  poles  in  a straight 
line,  it  leaves  them  all  visible  in  a curve,  like  pins  projecting 
sidewise  from  the  rim  of  a wheel,  and  the  cross-piece  on  the  pole 
standing  at  the  distance  of  one  mile  from  the  station  B,  Avould 
be  found  to  appear  just  eight  inches  below  the  apparent  straight 
level,  as  judged  of  by  the  telescope  levelled  at  the  station  B. 
Tlie  cross-pieces  more  distant  than  one  mile  Avould  be  found  to 
be  lower  by  increasing  differences,  as  seen  in  the  figure  at  Gr  H I, 
Ac.,  and  in  the  tabular  statement  given  above. 

1249.  In  whatever  part  of  the  earth  this  exjDeriment  is  made, 
the  like  results  are  obtained,  proving  the  degree  of  convexity  to 
be,  in  round  numbers,  the  same  everywhere,  and,  therefore,  that 
the  earth  is  really  a sphere.  A slight  deviation  to  be  afterwards 
explained,  due  to  the  rotation  of  the  earth,  confirms  the  general 
truth.  Now  a simple  arithmetical  computation  tells  that  a 
dip  of  eight  inches  in  the  first  mile  belongs  to  a globe  of 
very  nearly  8,000  miles  in  diameter.  There  are  other  modes 
of  extreme  precision  of  measuring  the  dimensions  of  the  earth, 
all  accordant  with  that  just  described. 

1250.  It  is  the  same  kind  of  experiment  modified,  and  yet 
more  simple,  when  in  winter  the  poles  are  set  up  on  the  frozen 
surface  of  a canal  or  a lake.  It  is  still  the  same  when,  instead  of 
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fixed  poles  in  the  water,  the  masts  of  two  similar  boats  are  used, 
on  which  telescopes  are  fixed.  Let  A and  B be  two  such  boats 


on  a straight  canal.  Telescopes  0 S on  their  masts,  set  level 
while  near,  would  point  to  each  other ; but  as  the  boats  separated, 
would  have  their  axes  or  lines  of  sight  pointing  gradually  higher 
and  higher  as  the  distance  increases,  according  to  the  law  above 
explained.  At  the  distance  a h,  the  boats  would  have  become  what 
sailors  call  hull-down,  or  with  the  body  of  one  vessel  concealed 
from  the  view  of  persons  on  the  deck  of  the  other,  and  the  tele- 
scopes could  see  over  the  convexity  of  the  globe  between  them 
only  the  parts  of  the  masts  above  that  level. 


1251.  The  adjoining  sketch  is  of  the  same  ship,  viewed  from  the 
same  cliff  on  the  sea-shore  A at  different  distances.  The  dotted 
line  A B C is  the  line  of  sight  touching  the  surface  of  the  convex 
sea  when  the  ship  is  at  B,  commanding  only  part  of  the  rigging 
at  D,  and  seeing  nothing  of  the  ship  at  0. 


E A B C D 


1252.  There  is  an  interesting  case,  which  in  many  situations 
on  earth  offers  itself  to  notice,  namely,  where  a spectator  at  E, 
in  looking  along  the  apparent  level-line  at  A,  just  sees  the  top 
of  a hill  at  B,  and  of  a second  loftier  summit  at  C,  and  of  a third 
loftier  still  at  D,  apparently  all  on  the  same  level.  The  summit 
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I)  might  be  one  of  the  Ancles,  25,000  feet  high,  and  the  others 
lower  as  less  distant,  according  to  the  rule  above  explained ; and 
in  any  such  case  the  height  being  known,  the  distance  is  known, 
or  the  distance  being  known,  the  height  is  known,  by  computation. 

1253.  The  surface  of  the  convexity  or  bulge  of  the  sea,  existing 
between  a spectator  and  a distant  object,  is  called  the  water  line 
or  natural  horizon.  It  is  always  of  course  beneath  the  tangent 
or  apparent  level,  passing  through  the  eye  of  the  spectator,  and 
the  angle  of  depression  is  called  the  clip  of  the  horizon,  which  is 
greater  or  less,  according  as  the  spectator  is  placed  high  or  low 
above  tlie  level  of  the  sea.  For  the  use  of  mariners,  books  on 
navigation  have  a table,  stating  the  amount  of  dip  for  different 
heights  of  the  observer’s  eye. 

The  following  facts  illustrate,  and  are  explained  by  what  has 
now  been  said  of  the  form  of  the  earth. 

1254.  When  two  persons  approach  each  other  from  opposite 
sides  of  a river  to  pass  over  a bridge,  of  Avhich  the  general  sur- 
face is  part  of  a circle  rising  high  in  the  middle  between  them, 
— as  was  true  of  many  bridges  in  former  times,  each  sees  first  only 
the  hat  and  head  of  the  other,  and  then  gradually  the  whole 
person.  After  passing,  they  disappear  from  each  other  in  the 
reverse  way,  the  feet  and  lower  parts  of  the  body  first,  the  upper 
part  the  last.  So,  on  a much  larger  scale,  two  ships,  approach- 
ing over  the  convex  sea,  exhibit  to  telescopes  first  their  upper 
sails  and  rigging,  and  after  they  have  passed  each  other,  lose 
sight  first  of  the  lower  parts.  As  they  vanish,  the  sailors’  phrases 
are  that  they  are  hv.ll-down,  or  half-mast-down,  and  so  forth. 

1255.  A ship  departing  directly  out  to  sea  is  soon  to  persons 
near  the  shore,  hull-down,  and  appears  to  have  reached  beyond 
a distinct  wall  of  water  (1257).  A person  at  that  time,  on  a 
height  near  the  shore,  as  a lofty  building,  still  sees  tlie  whole 
vessel. 

Ships  at  sea,  which  are  hull-down  to  persons  on  the  deck,  are 
fully  seen  by  the  lookers-out  near  the  mast  head  ; and  distant 
laud  may  be  seen  from  the  mast-head  over  the  bulge  of  the  sea, 
where  persons  on  deck  see  nothing. 

1256.  The  extensive  plains  in  America  called  'prairies  and 
pampas,  which  are  nearly  as  level  as  the  surface  of  the  sea, 
exhibit  the  same  phenomena  of  hiding  by  their  bulge  distant 
objects  from  persons  travelling  over  them. 

Rivers  crossing  such  plains  are  not,  as  generally  supposed, 
straight  gently-inclined  planes,  but  portions  of  hoops,  of  which 
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the  parts  towards  the  mouth  of  the  river  are  a little  nearer  to 
the  centre  of  the  earth  than  the  parts  behind.  It  seems  strange 
until  explained,  that  a ship  may  be  seen  hull-down  though 
floating  on  a higher  part  of  a great  river. 

1257.  When  the  sun  appears  half  set  over  the  sea,  it  is  the 
substance  of  the  convex  water  which  hides  the  half  unseen  from 
people  on  the  low  shore,  for  they  have  only  to  mount  a little 
and  they  see  all  again. 

1258.  A ship  near  the  centre  of  a scattered  fleet  may  see  the 
distant  ships  all  round,  beyond  the  water  horizon,  half  concealed, 
as  if  to  that  extent  submerged.  This  appearance  is  more  striking 
where  the  ships  have  a background  of  high  mountain  beyond 


them.  They  then  appear  as  if  they  were  aground  between  the 
near  water-horizon  and  the  shore  beyond. 

1259.  The  sun  sets  entirely  to  people  on  a low  plain,  or  on 
the  sea-shore,  long  before  the  inhabitants  of  hills  near  have 
lost  any  of  his  beams.  And  the  peaks  of  very  elevated  moun- 
tains are  seen  shining  as  brightly  as  the  moon  does  after  sunset 
so  long  as  the  sun’s  rays  continue  to  reach  them. 

1260.  Near  the  border  line,  between  the  enlightened  and  the 
shaded  portions  of  the  moon  in  her  quarters,  the  telescope  sees 
always  a number  of  irregular  luminous  spots,  as  bright  as  any 
part  of  the  shining  surface.  These  are  the  summits  of  mountains 
receiving  the  slanting  rays  of  the  sun,  while  lower  parts  near  are 
still  in  the  shade. 

It  has  seemed  strange  that  after  sunset  the  song  of  a lark, 
invisible  from  the  earth,  should  still  be  heard  by  people  below. 
The  explanation  is,  that  the  blithe  bird  on  the  wing  may  still 
have  sight  of  the  sun,  when  from  eyes  below  he  has  quite 
vanished. 

1261.  Aeronauts,  who,  in  descending,  reach  the  earth  just 
after  sunset,  may  see  the  sun  again,  and  therefore  can  make  an 
artificial  sunrise  by  throwing  out  some  ballast  and  so  remoimting 
into  the  air. 
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1262.  If  the  iuhabited  earth  had  been  a broad  plane  surface, 
as  believed  of  old,  beyond  the  edge  of  which  the  sun  and  stars 
in  setting  had  to  descend,  sunset  and  sunrise  would  have  hap- 
pened to  all  the  world  at  the  same  moment.  But,  in  fact, 
when  the  sun  sets  over  the  sea,  to  people  on  one  part  of  a 
coast,  the  telegi'aph.  from  a part  farther  west  can  report  that  to 
tliem  ho  is  still  at  a considerable  elevation ; and  in  all  parts 
of  the  earth  he  sets  and  rises  just  as  much  later  as  the  place  is 
farther  west. 

1263.  A ball  held  in  front  of  a lire  is  much  heated  in  the 
middle  part  where  the  rays  fall  directly  upon  it,  but  less  and 
less  to\vards  the  sides,  in  exact  proportion  as  the  rays  fall  more 
obliquely.  iS’early  in  such  proportion  are  the  climate  and  parts 
of  the  earth  colder  towards  the  poles  than  near  the  equator. 

1264.  Globular  fonn  in  the  earth  is  a natural  consequence 
of  general  attraction  of  gravitation,  for  even  if  the  earth  had 
consisted  originally  of  irregular  solid  masses,  these,  as  happens 
to  hard  bricks  piled  on  one  another  to  a height,  acting  mth 
their  gravitating  weight  and  pressm’e,  would  crush  the  portions 
below  into  fragments  or  powder,  and  the  heap  would  subside. 
In  a great  mass  of  ordinary  matter,  a considerable  deviation 
from  the  globular  form  necessarily  causes  these  pressures  to 
exist,  until  by  subsidence  the  equilibrmm  of  more  rounded  form 
is  produced. 

1265.  In  regard  to  the  size  of  this  globe,  the  perfect  agree- 
ment of  the  log-books  recording  the  progress  made,  day  by  day, 
by  the  innumerable  ships  which  have  now  sailed  round  it,  since 
Columbus  taught  the  way,  confirm  the  other  more  precise 
modes  of  measurement,  which  declare  the  size  to  be  that  of  a 
diameter  of  eight  thousand  miles. 


“ The  Earth  is  distant  from  the  moon,  the  nearest  body  to  it, 
about  thirty  times  its  own  breadth  or  diameter.”  (Bead 
the  Analysis,  at  page  647.) 

1266.  That  the  moon  is  nearer  to  this  earth  than  any  other  of 
the  bodies  seen  from  the  earth,  is  proved  by  the  fact,  that  as  it 
travels  round  the  sky,  wherever  it  is  in  the  same  line  as  other 
bodies  and  the  earth,  it  hides  them  for  a time.  This  fact  attracts 
little  notice,  except  when  the  body  hidden  is  the  sun,  on  the 
light  and  heat  from  which  the  well-being  of  the  inhabitants  of  the 
earth  depends.  This  occurrence,  so  awful  to  our  forefathers, 
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who  did  not  understand  it,  is  called  the  “eclipse  of  the 
sun.” 

io  persons  of  good  understanding,  but  not  yet  instructed  in 
the  art  ot  measuring,  sketched  in  the  Appendix  to  this  volume, 
to  measure  the  distance  of  an  object  which  the  observer  can 
only  look  at,  but  cannot  approach, — as  in  the  case  of  a balloon 
in  the  air,  or  a cloud,  or  meteor,  the  moon,  the  sun,  &c.,  appears 
an  impossibility,  yet  human  ingenuity  has  devised  the  means  of 
effecting  the  object  most  satisfactorily, 

1267.  In  the  chapter  on  Optics,  page  571,  it  was  explained 
that  in  regard  to  objects  comparatively  near,  perscms  judge  of 
the  distance  by  several  means,  but  especially  by  the  degree 
of  convergence,  or  angular  approach  of  the  axes  of  the  two 
eyes  which  have  to  meet  at  the  object  in  order  to  see  it  dis- 
tinctly. This  is  recalled  in  the  adjoining  diagram,  where  the 


small  circles  mark  the  eyeballs,  from  which  lines  going  to 
A B C D,  show  different  inclinations  or  convergence  of  the 
axes.  The  angle  or  corner  formed  at  the  meeting  of  the  axes  at 
A,  is  evidently  greater  than  that  at  B,  and  still  greater  than 
that  at  C,  &c.  The  person  is  conscious  of  the  difference  of 
effort  required,  at  the  different  distances,  to  cause  the  axis 
to  converge  sufficiently,  and  that  consciousness  serves  as  a 
measure. 

1268.  Now  to  judge  accm-ately  by  that  angle  of  convergence, 
in  regal’d  to  objects  very  distant,  like  the  moon,  sun,  or  a planet, 
men  have  contrived  to  employ,  instead  of  the  two  eyes,  two  tele- 
scopes, placed  at  distant  stations,  or  one  telescope  used  succes- 
sively in  two  stations,  and  then  by  fit  means  to  measure  most 
accurately  the  angles  of  direction  of  the  telescopes  whose  axes 
meet  at  the  object. 

1269.  The  fixed  relation  of  such  angles  and  distances  may  he 
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rendered  intelligible  to  commencing  student.s,  l)y  the  simple 
case  now  to  be  described.  Let  the  lines  A G and  J3  I represent 


parts  of  the  parallel  sides  of  a long  straight  street,  with  a row  of 
lamp-posts  in  it,  A 1)  E F G,  about  the  width  of  the  street 
apart.  Let  a pocket-watch  then,  with  large  dial  face,  be  placed 
on  a table  at  B,  directly  opposite  to  the  lamp-post  A,  where  the 
crossing  line  A B forms  a square  corner  or  xight-angle  with  the 
line  A G lying  along  the  street.  Let  the  minute-hand  of  the 
watch  point  to  12  o’clock,  and  to  an  attendant  standing  at 
the  lamp-post  A.  If  the  attendant  then  move  to  the  post  D, 
and  the  minute-hand  be  turned  to  follow  him,  the  eye  of  an 
observer,  through  a small  telescope,  placed  in  the  direction  of 
the  hand  of  the  watch,  will  see  the  attendant  in  the  direction 
B D,  which  may  be  represented  by  a thread  stretched  from  B 
to  D.  That  thread  will  cross  or  cut  the  divided  circumference 
a b of  the  watch  then  serving  as  an  angle-measure,  instead  of  a 
time-measure,  at  a certain  angle  (here  of  45°).  The  attendant 
continuing  to  advance,  would  reach  the  posts,  E F G,  &c.,  in 
succession,  and  would  be  seen  along  the  lines  B E,  B F,  B G, 
&c.,  cutting  the  curve  a h,  at  different  points  nearer  and  nearer 
to  b,  and  forming  angles  of  less  and  less  magnitude,  with  the  line 
B I.  Tliis  process  might  be  continued  until  the  eye  could  no 
longer  distinguish  the  more  distant  lamp-posts,  nor  estimate 
aright  the  lessening  portions  cut  off  on  the  divided  curve  a b. 
But  so  long  as  these  could  be  distinguished,  every  distance 
among  the  posts  would  form  its  own  distinct  angle,  and  he  who 
could  read  the  angle  would  always  know  the  corresponding- 
distance  of  the  lamps  on  the  prolonged  line  A G.  By  such  an 
experimental  process,  and  still  more  acciurately  by  easy  com- 
putation, a table  of  tangents  can  be  constructed  showing  the 
distances  and  angles,  which  have  fixed  relations  or  correspondence. 
Such  tables  are  contained  in  elementary  books. 

A common  watch  is  here  referred  to  as  an  angle-measure, 
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because  it  is  so  well  or  familiarly  known,  and  because  its  hand, 
in  moving  forward  does  so  evidently  divide  the  space  around  the 
axle  into  all  possible  angles.  The  instruments  actually  used  for 
measuring  angles  have  always  a metallic  circle,  or  portion  of  a 
circle,  accurately  divided  into  equal  degrees,  or  parts  of  a 
degree,  over  which  an  index  travels.  So  perfect  now  is  the 
manufacture  of  such  instruments,  that  they  enable  the  eye, 
when  aided  by  a microscope,  to  distinguish  the  twenty-thou- 
sandth part  of  the  circumference  of  a circle. 

1270.  It  is  a very  important  fact  that  under  certain  circum- 
stances, by  measuring  the  angle  formed  where  two  straight  lines 
meet,  the  length  of  one  of  them  pointing  to  a distant  visible 
object  can  be  accurately  known.  This  will  be  explained  more 
fully  in  the  Appendix  ; but  we  may  at  once  state  that  it  depends 
on  the  remarkable  properties  of  the  figure  called  a triangle, 
which  consists  essentially  of  three  sides,  so  joined  as  to  form  three 
corners,  or  angles.  It  is  roughly  exhibited  when  a cord  ABC 


is  employed  to  support  a picture-frame  D on  a wall,  the  cord 
passing  thi-ough  two  rings  B and  C on  the  frame,  and  resting  on 
a nail  at  A on  the  wall ; or,  when  a piece  of  thread  of  any  length, 
having  its  ends  joined  to  form  a loop,  is  laid  on  a flat  table  and 
is  opened  out  into  the  form  of  any  triangle  by  outward  pressure 
made  at  any  three  points. 

The  properties  referred  to  are,  first,  that  whatever  the  shapes 
of  triangles  be,  as  here  of  A E F G H,  the  sum  of  the  three 
angles  of  any  one  is  always  exactly  equal  to  two  square  corners, 
or  right  angles,  so  that  when  any  two  of  the  angles  are  known, 
the  third  also  is  known ; and  second,  that  of  the  six  particulars 
named  of  sides  and  angles,  if  any  three,  one  of  these  being  a 
side,  are  known,  all  the  six  are  knowable  either  by , simple 
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computution  or  by  drawing  the  figure  of  a eonvonient  size  on 
some  fiat  surface. 


1271.  The  simple  arrangement  liere  sketched  furtlier  illus- 
trates this  subject.  A B is  a flat  ruler  or  rod,  in  wood  or 
metal,  about  a yard  long.  A 0 and  B D are  similar  rods  of  any 
length,  hinged  inoveably  to  the  ends  A and  B.  The  rod  A B, 
called  the  base  of  the  figure,  has  affixed  at  H and  K two  arcs, 
or  portions  of  cii'cles,  H I and  K I divided  into  degrees,  by 
which  the  angles  formed  at  A and  B by  the  moveable  arms  and 
tlie  base  can  be  measured.  Laying  this  on  a table,  and  causing 
the  moveable  arms  to  point  to  any  object,  the  visual  rays,  indi- 
cated here  by  dotted  lines,  mil  meet  at  the  object,  as  M,  to 
form  an  angle  which  by  the  tables  spoken  of,  or  by  computation, 
tells  the  distance  of  the  object.  By  such  a rude  instrument,  a 
person  mthout  moving  from  his  chair  can  judge  of  the  distance 
of  any  object  within  view,  in  a room,  or  garden,  or  field. 

1272.  The  angle  to  be  determined  in  all  such  cases  is  called 
the  angle  of  parallax,  the  reason  of  wliich  appellation  is  thus  to 
be  explained.  The  fig-ure  A B C D shown  here  is  called  a 
parallelogi’am,  because  its  opposite  sides  are  parallel  to  eacli 


other ; that  is,  are  attlio  same  distance  apart  wherever  a directly 
transverse  or  cross  measure  is  taken,  and  tlierefore,  however  far 
prolonged  in  either  way,  they  would  never  meet.  But  a line 
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called  a diagonal,  drawn  between  opposite  corners  of  the  paral- 
lelogram, as  from  B to  C,  or  from  A to  D,  is  not  parallel  to  the 
sides,  but  has  a changed  hearing  called  'parallax,  and  the  sharp 
angle  formed  at  the  corners  of  the  parallelogram  between  the 
diagonal  and  the  side  is  the  angle  of  parallax. 

If  an  observer  at  A look  through  a telescope  Avith  graduated 
arc,  towards  an  object  at  0,  bearing  directly  east  from  him  (or 
ill  any  other  exactly  ascertained  direction),  and  if  he  then  shift 
his  station  to  a certain  known  distance  B,  at  right  angles  to  the 
line  A C,  and  he  again  look  towards  the  object  C,  he  finds 
its  bearing  changed  from  being  directly  east  to  the  other  line 
B C,  inclining  north  of  east  by  the  sharp  angle  D B C at  the 
corner  B.  This  is  called  the  angle  of  parallax.  Whatever 
part  of  a whole  circle  that  angle  is,  just  such  part  of  the  cir- 
cumference of  a circle  which  has  C for  its  centre,  and  the  dis- 
tance C A for  its  radius  or  semidiameter,  is  the  distance  A B 
which  has  been  measured,  and  from  that  part  being  known  the 
whole  circumference  is  known,  and  consequently,  the  serai- 
diameter  of  the  circle  which  was  the  distance  sought. 

1273.  In  regard  to  the  distance  of  the  moon  from  the  earth, 
the  shape  and  size  of  the  earth  being  now  well  known,  the 
distance  of  any  two  remarkable  places  upon  it  is  also  ImoAvn, 
and  the  straight  line  of  distance  between  any  two  such  places 
may  serve  as  a base  line  for  measurement.  Places  which  have 
so  served  are  the  tAvo  observatories  of  GreeuAvich  and  the  Cape 
of  Good  Hope,  at  which,  angles  can  be  measured  which  Avill 
declare  the  angle  at  the  summit  of  the  figure  M,  where  the 
moon  is  supposed  to  be.  A still  simpler  mode  of  ascertaining 
the  angle  of  this  parallax  is  to  measure  the  apparent  angadar 
distances,  as  seen  at  the  same  moment  from  these  places,  between 
the  moon  and  a known  fixed  star.  (In  these  measurings  many 
details  have  to  be  attended  to  which  are  not  noticed  here.)  The 
distance  of  the  moon  from  this  earth  is  by  these  means  ascer- 
tained to  be  240,000  miles  nearly,  or  thii-ty  times  the  diameter 
of  the  earth. — Knowing  the  distance  in  such  a case,  and  the 
apparent  diameter,  because  the  moon,  like  all  the  other  heavenly 
bodies,  is  globular,  the  size  of  the  moon  can  be  computed,  as 
described  in  Optics,  1077.  The  diameter  is  thus  estimated  to  be 
2160  miles,  rather  more  than  a fourth  part  of  the  diameter  of 
the  earth : the  bulk  of  the  moon  is  nearly  a fiftieth  part  of  that 
of  the  earth.  • This  vast  magnitude  explains  the  fact  so  long 
the  Avonder  of  our  forefathers,  Avho  did  not  understand  it,  of 
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how  the  influence  of  the  moon  might  suflice  to  lift  the  tides  of 
the  ocean  to  a height  of  several  feet  above  the  usual  sea-level. 

By  kindred  means  to  those  above  described  astronomers 
have  ascertained  the  distance  of  tlie  sun.  It  is  four  Imndred 
times  greater  than  that  of  tlie  moon,  and  the  bulk  is  more 
than  a million  times  greater  than  that  of  this  earth.  The 
greater  .difficulties  of  obtaining  the  measurements  for  the  sun 
are  treated  of  in  coming  pages.  The  distances  and  magnitudes 
of  the  heavenly  bodies  are  so  vast,  that  the  human  mind  has 
difficulty  to  conceive  them ; and  the  angle  of  parallax,  which 
measures  them  becomes  so  small,  that  instruments  of  extreme 
delicacy,  and  the  aid  of  strong  microscopes  to  read  the  indications, 
are  required  for  the  purpose.  Supposing  the  procedure  to  be 
typified  in  Fig.  1271,  the  lines  A G and  B L,  or  those  marked 
A ]\[  and  B M,  instead  of  being  two  converging  sides  of  a 
remote  angle,  become  very  nearly  parallel.  The  angle  of 
parallax  of  the  sun  is  only  about  8^  seconds,  less  than  the 
50,000th  part  of  a circle,  and  that  of  the  nearest  fixed  star  is 
barely  one  second  (1"),  proving  that  with  respect  to  the  stars, 
we  can  say  that  the  nearest  is  1000  times  farther  off  than  the 
sim,  and  the  more  remote,  vastly  beyond  that.  The  fact  that 
many  of  them,  notwithstanding  this,  can  send  so  much  light  as 
they  do  to  this  earth,  is  held  to  prove  that  many  of  them  are  at 
least  equal  in  size  to  our  sun. 

Section  2.  “ The  earth  is  rotating,  or  turning  about  its  centre, 
once  in  twenty-four  hours,  and  hy  being  in  view  of  the  sun 
has  the  changes  or  alternation  of  day  and  night  T (Read 
the  whole  Analysis,  page  647.) 

After  the  invention  of  telescopes  and  their  mountings  which 
enable  human  sight  to  penetrate  far  into  space  and  to  see  many 
other  globes  larger  than  this  earth,  which  are  rotating  and 
revolving,  men  could  not  doubt  of  the  possibility  of  this  earth’s 
rotation,  and  they  were  prepared  to  weigh  the  evidences  adduced 
to  prove  it. 

1274.  If  men  of  old,  because  they  knew  not  the  fact  of 
universal  gravitation,  were  far  from  suspecting  that  the  earth 
was  a great  ball  balanced  in  free  space,  as  little  could  they 
conceive  how  the  parts  of  a ball  could  hang  together,  or  how 
inhabitants  could  dwell  on  it  elsewhere  than  on  what  was 
deemed  the  top,  or  upper  part  of  it,  still  less  did  they  suspect 
that  the  vast  mass  was  in  rapid  motion.  It  was  evident  to 
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lliein,  howevev,  that  great  and  swift  motions  were  going  on  in 
tlie  nniverse ; for  the  sun,  moon,  and  stai’s  appeared  every 
twenty-lbnr  hours  to  rise,  in  the  east,  beyond  countries  known 
to  be  thousands  of  miles  distant,  eastward,  and  after  traversing 
the  sky,  to  set,  beyond  countries  known  to  be  as  far  to  the  west, 
d’lie  natural  conclusion  was  that  the  motion  was  in  bodies  very 
much  smaller  than  the  earth.  They  were  led  to  the  same 
conclusion  by  the  common  belief  tliat  persons  could  not  be  in 
very  rapid  motion  without  danger,  and  without  having  a distinct 
feeling  which  informed  them  of  the  fact. 

Gradually,  however,  after  Newton’s  discovery  of  gravitation 
and  great  improvements  made  in  the  telescope,  assurance  came 
to  all  who  studied,  that  the  heavenly  bodies  visible  in  our  sky 
were  prodigiously  more  distant  and  of  greater  size  than  had 
been  suspected  of  old,  and  that  many  of  them  were  in  rapid 
motion.  Proofs  were  obtained  also  that  very  swift  motion  was 
not  at  all  hurtful  to  the  human  constitution,  and  that,  if 
perfectly  smooth  and  uniform,  it  was  not  even  felt. 

1 275.  Aeronauts  in  the  car  of  their  balloon,  when  moving  a 
hundred  miles  an  hour,  have  no  sensation  of  being  in  motion, 
and  if  surrounded  by  a cloud,  which  prevents  them  from  seeing 
objects  around  them,  they  cannot  know  in  what  direction  they 
are  moving.  The  same  is  true  of  persons  in  ships  drifting  along 
in  sea  currents  out  of  sight  of  land,  as  frequent  disasters  have 
proved.  A person  sitting  in  the  cabin  of  a ship  at  anchor,  if 
occupied  in  reading  or  writing  while  the  ship  is  swinging  round 
with  the  turn  of  tide,  has  no  perception  of  the  change.  A man 
seated  in  a chair  suspended  by  a rope  from  a high  ceiling,  if 
his  eyes  are  covered,  has  no  sense  of  any  turning  motion  softly 
given  to  his  seat.  A person  in  a small  floating  boat  or  tub, 
surrounded  by  a floating  screen  which  hides  from  him  all 
beyond  it,  cannot  Itnow,  when  any  gentle  motion  is  produced, 
whether  it  is  m his  boat,  or  in  the  screen,  or  partly  in  both. 
Uniform  motion  of  this  globe  then,  however  rapid,  would  not  be 
perceived  by  the  inhabitants.  The  motions  of  walking,  riding, 
being  driven  in  a carriage  over  a rough  road,  being  tossed  in  a 
boat  on  a rough  sea,  and  so  forth,  are  examples  of  the  opposite  kind. 

There  soon  remained,  therefore,  no  doubt  that  the  momentous 
changes  of  day  and  night  and  many  kindred  phenomena,  attri- 
buted of  old  to  motions  among  the  heavenly  bodies  were  really 
due  to  motions  in  the  earth  itself.  The  subject  is  interestingly 
considered  in  the  following  manner. 
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127G.  Let  !i  person  just  after  the  setting  of  tlie  sun,  of  wliich 
tlie  intense  brilliancy  during  tlio  day  prevents  all  smaller  liglits 
from  being  seen,  ivsccnd  to  the  house-top  or  other  eminence 
wliicli  commands  an  unobstructed  view  of  the  horizon  ai-ound, 
and  let  him  tliere  contemplate  at  leisure  the  nocturnal  sky 
lie  may  in  the  morning  have  seen  the  sun  appear  to  rise  in  the 
east,  and  gradually  move  across  the  sky  to  set  or  disappear  in 
the  west.  As  the  setting  sun’s  liglit  fades,  lie  finds  himself 
apparently  in  the  centre  of  a stupendous  vault  or  concave  half 
globe,  thickly  studded  with  luminous  objects,  which  he  has  been 
taught  to  call  stars.  Among  these  he  perceives  as  little  order 
of  arrangement  as  among  the  first  drops  of  rain  falling  on  a 
white  pavement,  but  soon,  individual  stars  are  distinguished  by 
their  greater  brilliancy,  and  others  by  belonging  to  certain 
groups,  which  bear  some  resemblance  to  familiar  forms  on 
earth,  as  of  square,  cross,  triangle,  and  so  forth.  He  then  soon 
perceives  that  all  the  stars  have  a movement  towards  the 
west,  like  that  of  the  sun  during  the  day,  and  that  those  near 
the  western  horizon  are  setting  or  disappearing,  to  follow  the 
sun,  while  others  are  rising  into  view  in  the  east,  and  maintain- 
ing, undiminished,  the  splendour  of  the  spectacle.  In  the 
course  of  the  night,  if  the  observer  watch  to  the  end,  he 
has  seen  not  only  that  starry  half-globe  or  concave,  which  was 
overhead  when  the  sun  disappeared,  but  also  the  whole  of 
another  half,  which,  as  the  night  advances,  gradually  takes 
the  place  of  the  first.  With  the  sun’s  light  returning  and 
producing  the  dawn  of  next  day,  the  feebler  lights  of  the 
stars  are  first  dim,  and  soon  cease  to  be  at  all  perceived  by 
the  naked  eye ; but  a good  telescope  can  see  and  follow  them 
moving  on  all  through  the  day,  just  as  the  naked  eye  did 
during  the  night ; and  those  subsequently  rising  in  the  east  are 
found  to  be  those  which  twelve  hours  before  set  after  the  sun 
in  the  west.  The  observer  thus  finds  that  he  has  seen  the  whole 
of  the  surrounding  firmament  in  which  the  world  exists,  revolv- 
ing like  the  continuous  interior  of  a gi’eat  wheel.  The  stars 
which  rise  and  set  nearly  with  the  sun  are,  for  the  time,  less 
conspicuous  than  the  others,  owing  to  his  overpowering  light; 
but  when  the  sun  gradually  changes  his  place  among  them  during 
his  annual  circuit,  all,  in  their  turn,  are  similarly  dim  or  bright. 

Now  for  thousands  of  years  men  have  been  watching  the 
appearances  of  the  stars,  and  observing  tliat  their  relative 
positions  have  remained  sensibly  unchanged,  have  called  them 
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tlie  fixed  stars,  io  (Hstiiignisli  them  from  a small  number,  wliieli 
_ seem  to  move  about  among  the  others  as  the  sun  does,  and 
are  called  planets  (from  the  Greek  vvoj-d  planao,  to  Avander). 

Of  fixed  stars  the  naked  eye,  iu  clear  skies,  can  count  nearly 
three  thousand.  Telescopes  show  very  many  more.  They  have 
been  divided  into  classes,  according  to  their  brilliancy.  Of  the 
first  class,  about  twenty-four  are  counted  and  named,  of  the 
second,  about  fifty,  and  so  on. 

Distinguishable  groups  of  stars  are  called  constellations,  and 
have  had  names  given  to  them  from  fanciful  resemblances  in 
form  to  earthly  objects.  Twelve  of  these  lying  in  the  apparent 
annual  path  of  the  sun  are  called  the  signs  of  the  zodiac  (from 
zoe,  life),  as  the  Ram,  Bull,  Twins,  Lion,  &c. 

1277.  The  spectacle  of  the  nocturnal  sky  above  described  is 
rendered  much  more  interesting  by  having  at  hand  a globe, 
formed  of  wire,  like  a bird-cage,  as  here  represented,  with  a 

spindle  N S through  its  centre  C,  on 
which  it  turns.  One  end  of  the  spindle 
N is  to  be  directed  to  the  north  pole 
of  the  sky,  and  the  other  end  S 
to  the  south.  At  places  on  or  near 
the  equator,  as  in  our  colony  of  Sinca- 
pore,  in  the  Strait  of  IMalacca,  the 
spindle  appears  to  the  inhabitants  to 
be  horizontal,  as  here  shown  from  N 
to  S.  A person  sitting  near  the  table 
Avhich  supports  this  globe,  so  as  to 
be  able  to  look  through  a small  ring 
at  its  centre  C,  towards  every  star 
above  the  horizon,  may  attach  in  some  convenient  way,  on  the 
surface  of  the  globe  at  the  point  which  is  in  visual  contact 
Avith  the  star,  a small  glass  bead  to  represent  it.  He  may 
then  maintain  such  bead  in  contact  Avith  the  star,  by  gradually 
turning  the  globe  round  as  the  star  seems  to  travel  AvestAvard 
towards  the  setting;  and  in  the  mean  time  he  may  employ 
himself  in  affixing  other  beads  to  represent  the  other  most 
conspicuous  stars  then  seen.  These  representatives  of  the 
star  Avill  set  Avith  them,  by  sinking  under  the  level  of  the 
spindle  S N,  Avhich  indicates  the  level  of  the  horizon.  During 
one  night,  thus,  a person  watching  until  daAATi  of  the  ncAv  day, 
may  com])lete  an  interesting  model  of  the  Avhole  sky  around 
this  earth,  as  existing  both  above  and  beloAV  the  horizon. 
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showin"  its  most  conspicuous  stars  in  their  true  relative  posi- 
tions. In  succeeding  nights  he  may  render  the  inodel  more 
complete  by  adding  other  stars  of  inferior  magnitude.  Such 
a globe  may  be  connected  with  a common  clock,  so  as  to 
tui-n  round  its  axis  once  in  twenty-four  hours,  and  it  will  then 
exhibit  uninterruptedly  the  true  changing  places  of  all  the  stars 
marked  upon  it,  whether  they  are  above  the  horizon  or  below, 
and  it  will  point  through  the  day  to  the  parts  of  the  sky 
where  the  stars,  although  unseen  then  by  the  nalced  eye,  are 
to  be  seen  through  a telescope  properly  directed. 

1278.  While  the  figure  1277,  half-covered  by  a card  up  to 
the  axis  exhibits  the  apparent  motions  of  tlie  sun,  moon,  and 
stars,  all  vertical,  as  seen  by  persons  near  the 
equator,  the  adjoining  figure  half-covered  indi- 
cates the  apparent  motions,  all  level,  which  are 
seen  near  the  poles.  The  axle  of  the  globe, 
when  similarly  half-covered  and  placed  ob- 
liquely, pictures  the  appearance  at  latitudes 
intermediate  between  the  equator  and  poles. 

Such  a globe  of  whe  with  beads  is  a rough 
model  of  the  so-called  Celestial  Globe,  now 
part  of  the  common  furniture  of  our  libraries. 

It  has  the  advantage,  by  being  transparent,  to  show  both  sides 
of  the  globe  at  the  same  time,  and  to  allow  useful  comparisons 
to  be  made. 

1279.  The  globe  of  wire,  made  like  a bhd-cage,  leads  the 
spectator  to  appreciate  at  once  the  importance  of  being  able  to 
give  a clear  name  or  designation  to  every  part  of  the  surface  of 
a globe,  distinguishing  it  from  every  other  part.  When  on  a 
chess-board  a square  is  said  to  be  in  some  certain  row  from  the 
top,  and  some  certain  row  from  either  side,  it  cannot  be  mistaken 
for  any  other  square.  So  on  a globe ; if  a spindle  pass  through 
its  centre,  ch’cles  of  wire  may  be  fixed  round  it,  at  equal 
distances  from  the  ends  of  the  spindle  (called  poles,  from  the 
Greek  jpoleo,  to  turn),  and  they  may  be  called  circles  of  breadth 
or  latitude ; then  other  circles  or  lines  of  vdre  may  be  placed 
across  these,  cutting  the  equator  at  equal  distances  from  one 
another,  and  reaching  from  pole  to  pole.  These  may  be  called 
circles  of  longitude.  If  all  these  circles  have  on  them  divisions 
into  equal  parts,  all  numbered,  every  spot  or  point  on  the 
surface  of  the  globe  will  have  its  own  latitude  and  longitude, 
perfectly  distinguishing  it  from  every  other. 
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1280.  A globe  formed  of  white  marble  or  other  such  material, 
if  at  rest,  lias  no  mark  upon  it  to  distinguish  one  part  from 
another ; but,  if  it  be  caused  to  rotate  or  whirl,  every  part 
instantly  acquires  certain  peculiarities  of  motion,  which  clearly 
distinguish  it.  If  a globe  suspended  by  a twisted  cord  have 
small  spots  of  any  kind  on  its  surface,  as  of  ink  spattered  upon 
it,  the  spot  to  which  the  cord  happens  to  be  attached  will  appear 
to  be  at  rest,  as  a pole  of  rotation,  and  every  other  spot  will  be 
describing  a circle  of  latitude  round  the  pole,  which  circle  will 
be  larger  as  it  is  further  from  the  pole,  until  the  equator,  or 
the  middle  circle  equally  distant  from  both  poles,  is  reached. 
A pen  or  pencil  held  to  touch  the  turning  globe  at  any  spot, 
would  mark  a circle  of  latitude  there.  If  lines  were  then  drawn 
directly  from  pole  to  pole  across  the  equator  at  equal  lateral 
distances,  they  would  form  lines  of  longitude. 

1281.  A rotation  like  that  of  the  spotted  globe  described, 
hanging  by’ an  untwisting  cord,  is  given  to  any  globe  immersed 
in  water  so  as  just  to  float,  if  an  oblique  push  or  impulse  of 
any  kind  be  given  to  it.  However  the  rotatory  motion  of  the 
earth  first  began,  when  once  established,  it  imparted  to  the  earth 
all  the  valuable  characteristics  above  described. 

1282.  It  was  explained  in  Art.  95,  that  any  motion  once 
given  to  a body  never  varies  in  speed  or  direction,  but  in  exact 
proportion  to  some  new  force  brought  to  act  upon  it.  The 
rotation  of  this  earth,  therefore,  and  the  direction  or  parallelism 
of  the  axis  of  rotation  must  continue  without  change,  so  long  as 
the  general  laws  of  motion  and  force  remain  the  same. 

1283.  It  is  readily  perceived  that  the  appearances  of  motion 
presented  to  the  common  eye  among  the  heavenly  bodies 
around  the  earth  would  be  exactly  the  same,  whether  the 
bodies  revolved  round  the  earth  as  a centre,  or  the  earth 
rotated  as  a central  mass  within  a firmament  at  rest.  It  follows, 
therefore,  that  there  are  everywhere  points  or  situations  exactly 
corresponding  in  the  starry  concave  above,  and  on  the  globular 
earth  below.  There  must  be  in  each  apparently  fixed  j)oints, 
to  be  called  poles,  round  which  every  other  point  'will  seem  to 
revolve,  and  there  must  be  perfect  coiTespou deuce  between 
what  are  called  the  latitudes  and  longitudes  below,  and  positions 
in  the  sky  above.  It  is  thus  that  a mariner  bound  to  a small 
island  like  St.  Helena,  situated  in  the  middle  of  a broad  ocean, 
and  which  he  cannot  see  until  he  arrives  close  to  it,  keeps  his 
eye  on  the  part  of  the  sky  which  he  knows  to  have  the  latitude 
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of  tlie  island,’ and  sails  until  lie  brings  that  part  nearly  over  his 
head. 

1284.  Inspection  of  the  globe  sketched  in  Art.  1277,  or 
of  the  common  celestial  globe  placed  in  libraries  ex})lains 
readily  the  following  terms : — Foies  of  the  globe, — the  equator, — 
latitudes  and  longihides, — the  zenith  or  summit  of  the  sky  over 
the  head  of  an  observer, — the  nadir,  a corresponding  point 
directly  below, — the  azimuth  of  a visible  object,  or  the  relation 
of  its  bearing  to  the  cardinal  jioints  of  the  compass,  north, 
south,  ^e., — the  horizon  or  boimding  level  line  on  which  the 
concave  sky  seems  to  rest. 

1285.  The  business  of  the  astronomer  is  chiefly  to  study  and 
measui-e  the  positions  and  motions  among  the  heavenly  bodies, 
in  relation  to  the  poles,  horizon,  &c.,  as  viewed  from  this  earth, 
which  is  itself  constantly  in  motion.  By  the  apparent  places 
of  the  heavenly  bodies  so  observed,  he  learns  the  true  places 
and  motions,  and  can  foretell  much  of  what  is  to  happen  in 
future  time. 

1286.  A perfectly  constructed  globe  of  metallic  circles,  all 
accurately  gi-aduated  or  divided  into  the  usual  degrees,  minutes, 
and  seconds,  with  a good  telescope  at  its  centre,  turning  in  any 
direction,  the  whole  being  firmly  supported  on  a suitable  frame, 
would  enable  an  observer  to  make  most  of  the  measures  which 
the  astronomer  desires  to  make,  and  might  be  called  a small 
portable  observatory.  So  delicate,  however,  and  requiring  such 
extreme  precision,  are  many  of  the  observations  to  be  made,  that 
it  has  been  found  necessary,  instead  of  many  small  elements 
joined  together,  to  have  large  instruments  placed  apart.  A fit 
building  erected  in  a suitable  locality,  furnished  with  such 
instniments,  is  called  an  Astronomical  Observatory. 

1287.  The  chief  instruments  in  an  observatory  are,  the  large 
telescopes  with  graduated  cu’cles,  and  the  time-keepers.  A good 
telescope  can  gather  a thousand  times  more  light  from  a distant 
object  to  form  its  image  on  the  retina, 
than  can  enter  the  pupil  of  a naked 
eye.  In  the  observatory  are  to  be 
observed,  1st,  the  transit  instrument, 
of  which  an  outline  is  here  given — a 
powerful  telescope  A B,  turning  on  a 
level  axle,  firmly  supported  at  E and 
F,  lying  dfiectly  east  and  west,  which 
causes  the  telescope  to  sweep  along  the  meridian  line  from  the 
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south  point  to  the  zenith  and  beyond.  Tlirough  this  is  watched 
the  instant  of  a heavenly  body’s  passing  the  meridian  line. 
The  field  of  view  of  the  telescope  is  crossed  by  several  vertical 
lines,  and  the  instant  being  noted  of  the  star  passing  each  of 
these,  the  average  of  all  gives  the  exact  time.  2nd,  the 

equatorial  telescope,  here  sketched.  The 
telescope  A B is  supported  on  an  axis 
wliich  is  made  parallel  to  that  of  the 
earth,  so  that  as  the  earth  turns,  the 
telescope  having  been  pointed  to  any 
star  or  other  object,  follows  that  along 
its  circuit  3rd.  the  mural  telescope,  M'ith 
large  graduated  circle.  It  has  its  axle 
fixed  in  the  firm  wall.  It  ascertains  altitudes  and  polar  dis- 
tances very  accurately.  4th.  the  observatory  clocks,  showing 
both  sidereal  and  solar  time. 

Further  details  respecting  the  observatoiy  are  not  given  here, 
the  object  of  the  book  being,  not  to  train  assistants  for  an  obser- 
vatory, but  to  explain  to  general  students  the  principles  on 
which  the  astronomer’s  proceedings  are  founded. 

1288.  One  matter  of  importance  has  as  yet  to  be  men- 
tioned, which  occasions  much  trouble  to  astronomers,  namely, 
that  the  rays  of  light  which  in  empty  space  move  straightly,  do 
not  so  move  when  passing  through  the  transparent  medium  of 
atmospheric  air.  They  are  then  more  or  less  bent  or  refracted 
according  to  the  accidental  temperature,  moisture,  density,  &c., 
of  the  air  at  the  time.  Allowance  has  to  be  made  for  refraction, 
as  explained  in  Optics,  Art.  1026.  In  many  astronomical  obser- 
vations, such  as  those  made  to  determine  the  distance  of  the  sun, 
a single  second  of  an  angular  degree  is  an  important  quantity. 

Among  the  general  considerations  bearing  on  the  question 
of  the  earth’s  constant  rotation  on  its  axis  may  be  mentioned 
the  fact  that  all  the  other  planetary  bodies  visible  in  the  sky 
to  our  telescopes  have  such  rotatory  motion,  and  even  the  sun 
himself  is  seen  so  to  turn  once  in  twenty-five  days  six  hours. 
Spots,  which  are  frequently  visible  on  his  surface,  prove  this. 

There  are  some  very  direct  proofs  of  the  rotation  of  the 
earth  still  to  be  mentioned. 

1289.  As  a ball  of  soft  clay  placed  on  the  centre  of  a potter’s 
table  or  wheel  (which  rests  on  a turning  spindle),  bulges  out  at 
its  middle,  or  equator,  because  of  the  greater  centrifugal  force 
there  than  elsewhere ; so  is  this  earth  found,  by  accurate  mea- 
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surement,  to  bulge  out  at  its  equator  nearly  seventeen  miles 
farther  than  near  the  poles,  in  exact  accordance  with  the  laws  of 
central  forces,  treated  of  from  Articles  115  to  138,  which  the 
reader  should  now  again  peruse  as  an  important  part  of  the 
present  chapter. 

1290.  For  the  same  reason  a pendulum,  of  whatever  length, 
vibrates  more  slowly  near  the  equator  than  near  the  poles, 
because  its  weight  near  the  equator  is  partially  counteracted  by 
the  centrifugal  force. 

1291.  A strikingly  ingenious  and  beautiful  experiment  in 
proof  was  devised  a few  years  ago  by  M.  Foucault,  of  the 
French  Academy,  as  follows.  If  a pendulum  is  caused  to 
swing,  it  performs  its  motion  in  one  direction  or  plane,  as  from 
north  to  south,  and  will  not  deviate  from  that  plane  unless 
urged  by  some  new  force.  Accordingly,  a pendulum  hung  from 
a support  over  the  pole  of  a library  globe  set  with  its  spindle 
vertical,  will  not  be  influenced  by  the  turning  of  the  globe 
beneath  it,  and  will  therefore  show  how  far  and  how  fast 
the  globe  may  be  made  to  turn  under  it.  Similarly,  a long 
pendulum,  caused  to  vibrate  from  a fixed  support  over  the 
centre  of  a large  clock-dial  laid  on  the  ground  near  a pole  of 
this  earth,  continues  to  move  in  the  same  plane,  while  the  earth 
turns,  and  the  Une  of  the  pendulum’s  motion  continuing  the 
same  wliile  the  earth  turns  indicates  the  fact,  and  the  rate  of 
the  earth’s  rotation.  If  the  experiment  were  made  exactly  at 
the  pole,  the  apparent  motion  would  be  as  rapid  as  that  of  the 
hand  of  a sidereal  clock.  At  different  distances  from  the  pole 
it  is  proportionally  less  rapid. 

1292.  A ball  of  metal  suspended  like  a plummet  from  a 
point  in  a lofty  ceiling  will  hang  over  a point  in  the  floor 
which  is  directly  beneath  the  point  of  suspension ; but  if  the 
ball  be  allowed  to  fall  freely  from  the  point  of  suspension  it 
will  reach  the  floor  considerably  to  the  eastward  of  a mark 
on  the  pavement  beneath  the  plummet.  The  reason  is  that  the 
surface  of  the  earth  is  rotating  eastward,  and  as,  in  a turning 
wheel,  parts  distant  from  the  centre  have  swifter  motion  than 
parts  near  to  it,  a body  let  fall  from  aloft  will  reach  the  floor  in 
advance  of  where  it  would  hang  as  a plummet. 

1293.  Many  of  the  most  remarkable  motions  observed  on  the 
surface  of  the  earth,  as  the  winds  in  the  atmosphere  and  cer- 
tain great  currents  in  the  seas,  have  their  force  and  direction 
much  influenced  by  the  whirling  of  the  earth.  Explanations 
are  given  from  page  278  to  283.  The  phenomena  of  the  trade- 
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winds,  hurricanes,  cyclones,  etc.,  and  of  such  movements  in  the 
ocean  as  the  warm  Gulf  Stream  which  sots  across  tlie  Atlantic 
from  the  iMexican  Gulf  to  the  westem  shores  of  Europe,  were 
little  understood  until  within  the  last  fifty  years,  and  the  value 
of  the  new  knowledge  may  be  judged  of  by  the  vast  improve- 
ments in  navigation,  made  within  that  time. 

§ 3.  “ This  earth  travels  in  an  orhit  round  the  vastly  greater 
globe,  the  sun,  once  in  365  days  and  a fraction,  being  held 
within  its  orbit  by  the  attraction  of  the  sun,  as  a stone  in 
a sling  is  held  by  the  strength  of  the  cord.”  (Head  the 
Outline,  page  647.) 

The  reader,  when  acquainted  with  the  great  facts  of  the 
spherical  form  of  the  earth,  and  its  diurnal  rotation  which  causes 
the  alternation  of  day  and  night,  is  prepared  to  understand  the 
additional  motion  of  its  annual  revolution  round  the  sun,  which 
causes  the  phenomena  of  the  year  with  its  seasons. 

12'94.  If  a lamp  stand  on  a table  in  the  middle  of  a room,  at 
the  height  of  the  eye  of  a person  walking  round  the  table,  that 
motion  will  bring  the  lamp  into  apparent  visual  contact  in  suc- 
cession with  the  different  objects  on  the  wall  at  the  same  level. 
Or,  if  the  person  become  stationary  in  the  middle  of  the  room, 
and  the  lamp  be  carried  round,  the  same  result  follows.  It 
would  be  a case  still  more  closely  resembling  the  facts  of 
astronomy,  if  a great  lamp  stood  in  the  middle  of  a racecourse 
in  a dark  night,  when  nothing  could  be  seen  but  the  living 
lights  in  the  country  around.  A spectator  carried  round  the 
course  would  see  the  central  lamp  coming  into  contact  with  the 
other  lights  in  turn.  The  great  lamp,  in  such  a case,  would 
represent  the  sun,  and  the  smaller  h'ghts  the  more  distant  stars. 
Until  men  obtained  the  irresistible  proofs  that  the  earth  on 
which  they  live  is  itself  in  rapid  motion,  they  naturally  con- 
cluded that  all  the  apparent  motions  were  in  the  distant  objects. 

It  was  evident  that  either  the  sun  must  be  revolving  round 
the  earth,  or  the  earth  must  be  revolving  round  the  sun,  but 
either  supposition  seemed  irreconcileable  with  other  parts  of  man’s 
knowledge.  For  instance,  if  the  earth  was  supposed  to  be  fixed 
in  space,  they  could  not  imagine  by  what  means  it  was  so  fixed, 
and  they  had  to  believe  that  the  stars  which  they  called  fixed 
were  retained  in  their  relative  positions  by  connection  with  a vast 
transparent  or  crystallme  concave,  which  had  a constant  revolving 
motion. — At  last  the  great  Newton  came,  and  was  able  to.demon- 
strate  that  there  was  no  material  connection  between  the  myriads 
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of  moving  bodies  visible  in  the  sky,  but  that  tliey  were  all  main- 
tained in  constant  movement  and  harmonious  order  under  the 
balancing  inllnences  of  a universal  mutual  attraction,  which 
he  called  Gravitation,  and  of  a centrifugal  force  generated  by 
forward  motion. 

1295.  The  great  laws  of  motion  and  force,  which  work  such 
perfect  harmony  in  the  living  universe,  are  thus  briefly  ex- 
pressed : — 

1.  Straight  uniform  motion  once  produced  in  any  body 
is  as  naturally  permanent  as  the  state  of  rest,  so  that  no 
change  of  speed  or  of  direction  is  effected,  but  in  pro- 
portion to  a now  force  applied. 

2.  A new  force,  applied  directly  across  the  course  of  an 
existing  motion,  changes  the  direction  of  that,  but  does  not 
at  aU  lessen  the  onward  speed,  and,  when  just  balanced 
by  the  centrifugal  tendency,  produces  a curved  or  orbitual 
motion,  which  wiU  not  lessen  or  cease  of  itself  in-  any  length 
of  time. 

1296.  Detailed  explanation  of  these  laws  is  given  from  pages 
46  to  59,  which  should  be  studied  again  as  part  of  the  present 
chapter.  The  truth  of  the  second  law  is  not  so  readily  appre- 
hended as  that  of  the  fii'st,  and  is  here  reconsidered. 

Let  a boat  be  carried  east  from  & to  e (fig.  at  page  55)  in  a 
tidal  current  at  the  rate  of  a mile  in  ten  minutes,  and  at  the 
same  time  let  it  be  driven  by  a wind  blowing  directly  across, 
from  & to  s,  south,  at  the  same  rate ; it  would  move  in  a middle 
course,  h a,  south-east,  and  would  arrive  at  a in  ten  minutes,  as 
it  would  have  arrived  at  e or  s if  only  one  force  had  been  acting. 
It  is  evident  that  in  such  a case  there  is  no  loss  either  of  the 
onward  motion  or  of  the  transverse  motion.  Similarly  it  is 
found  that  if  a cannon-ball  be  shot  horizontally  from  the  top  of 
a wall,  its  cUrectly  downward  motion  by  force  of  gravitation 
towards  the  earth  does  not  retard  the  progressive  motion  which 
is  overcoming  the  resistance  of  the  aii-,  and  the  progressive 
motion  does  not  affect  the  downward  motion,  for  a ball  simply- 
dropped  from  the  height  of  the  cannon’s  mouth  reaches  the  ground 
at  the  same  instant  as  the  ball  projected  by  the  gunpowder. 

1297.  These  facts  furnish  the  explanation  of  why  a planet 
moving  in  a circular  orbit  round  a central  sun,  and  powerfully 
attracted  by  the  sun  is  drawn  inwards  towards  the  centre,  or 
away  at  every  point,  from  the  straight  line  called  the  tangent 
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to  tho  orbit,  yet  it  loses  nothing  of  its  onward  motion.  The 
centripetal  force  is  always  acting  directly  across  tho  forward 
course,  but  is  in  no  degree  opposed  to  it, 

1298.  Tl\e  two  equal  forces  balanced  as  above  described  are 
called  the  centrifugal  {centre-flying)  and  the  centripetal  (eentre- 
seehing)  forces,  and  when  they  are  exactly  equal  they  produce  an 
orbit  exactly  circular,  as  that  marked  0,  A student  might  at 
first  suppose  that  any  inequality  occurring  between  the  two  forces 
would  destroy  the  orbitual  motion  altogether — an  excess  of  the 
one  projecting  the  planet  into  boundless  space,  and  excess  of 
the  other  drawing  it  down  to  be  absorbed  into  the  central  mass, 
but  neither  of  these  events  does  take  place — for — 

1299.  If,  when  the  revolving  body  arrives  at  A,  an  addi- 
tional forward  impulse  towards  G were  given,  instead  of  driving 
the  planet  away  altogether  into  boundless  space,  like  a stone 
leaving  a sling,  there  would  be  merely  the  conversion  of  a circular 
orbit  into  an  oval,  or  elliptical  one,  more  or  less  elongated 
according  to  the  strength  of  the  impulse.  It  is  readily  con- 
ceived that  immediately  after  the  new  impulse,  the  planet 
having  greater  centrifugal  force,  would  take  a course  such  as 

shown  in  2,  3,  or  4,  external  to  the  circu- 
lar curve  C,  but  evidently  at  the  same  time, 
the  attraction  of  the  central  mass  in  C would 
no  longer  be  acting  directly  across  the  orbit, 
but  as  seen  in  the  figure  at  G,  would  be  an 
oblique  force,  pulling  back  or  slackening  the 
speed  of  the  planet,  and,  therefore,  lessening 
gradually  its  centrifugal  force.  The  inward 
or  centripetal  bending  would  consequently 
be  less  opposed  in  the  upper  part  of  the  oval, 
and  the  planet  would  soon  become  as  a falling 
body,  returning  to  A with  quickening  speed,  to  recommence  the 
upward-  journey  towards  G in  the  ellipse.  The 
speed  lost  in  the  ascent  would  be  just  balanced 
by  the  equal  speed  recovered  in  the  fall  (see 
the  Art.  179),  and  although  the  velocity  of 
the  motion  would  be  {constantly  varying,  the 
time  of  performing  the  whole  round  woidd 
remain  the  same.  One  of  the  unsuspected 
facts  soon  discovered  was  that  a body 
revolving  under  the  force  of  gravitation, 
an  oval  orbit,  does  not  keep  the  great  interior  mass  in 
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the  centre  of  tlie  orbit,  as  at  C,  but  in  one  of  the  foci  of  the 
ellipse,  as  F or  F. 

1300.  It  was  the  marvellous  penetration  or  sagacity  of  the 
mind  of  Isaac  Newton  which  first  saw  clearly  the  nature  of  the 
forces  which  regulate  all  planetary  motions, — as  explained  by 
him  in  his  immortal  work  ‘‘Philosophic  Naturalis  Principia 
Mathematical  One  of  the  rewards  of  those  who  pursue  their 
mathematical  studies  beyond  the  simpler  elements  is  to  be 
able  to  read  and  fully  understand  that  extraordinary  work. 
The  estimation  in  wliich  the  world  has  held  that  work  was 
aptly  expressed  in  the  two  lines  of  Pope  : — 

“ Nature  and  Nature’s  laws  lay  hid  in  ni"ht ; 

God  said,  ‘ Let  Newton  be,’  and  all  was  light.’ 

“ An  inclination  of  the  Axis  of  rotation  of  the  Earth  to  the  plane 
of  its  revolution  round  the  sun  is  the  cause  of  the  change 
OF  SEASONS.”  (Eead  the  Outline,  page  (547.) 

Changes  of  Season. 

1301.  There  is  one  circumstance  connected  with  the  revolu- 
tion of  the  earth  round  the  sun  which  is  of  great  importance  to 
the  inhabitants,  although  it  might  at  first  appear  to  be  a matter 
of  mere  accident  and  indifference — namely,  that  the  axis  of 
rotation  of  the  earth  does  not  stand  at  right  angles  to  the  plane 
of  its  orbit  round  the  sun.  Let  X represent  the  sun,  supposed 
to  be  at  a great  distance  (although  here,  for  want  of  room. 


s 


[)laced  near),  and  let  E N Q S represent  the  earth,  N being  the 
nortli  and  S the  south  pole  of  the  axis,  standing  at  right  angles 
to  E Q,  the  line  of  the  equator  and  of  the  earth’s  orbit.  Evi- 
dently if  the  sun  were  from  the  earth  in  the  direction  E Q X, 
his  rays  of  light  and  heat  would  always  fall  directly  on  the  equa- 
tor, and  the  sun  would  always  appear  to  be  directly  over  the 
equator.  The  nights  and  days  would  always  be  of  the  same 
length  of  twelve  hours,  as  indicated  in  this  figure  by  the  perfect 
correspondence  of  the  enlightened  and  the  shaded  halves  of  tiie 
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globe,  and  there  eould  be  no  eoneiderable  ehange  of  temperature 
anywhere  throughout  the  year. 

1302.  But  the  axis  of  rotation  N S is  not  perpendicular  to 
the  plane  of  the  orbit.  As  represented  in  this  figure,  the  north 


pole  N leans  23^°  towards  that  plane,  and  in  the  summer  posi- 
tion for  Europe,  indicated  here  on  the  left  hand,  it  is  seen  that 
the  northern  part  of  the  globe  is  receiviilg  much  more  sunshine 
than  in  the  winter  position,  shown  on  the  right  hand.  The 
upper  and  lower  globes  in  the  middle  show  that  at  half  way 
between  summer  and  winter,  although  the  axis  of  rotation  is 
oblique,  the  northern  and  southern  halves  of  the  earth  share 
equally  the  light  and  shade.  This  figure  exhibits  also  where 
upon  earth  the  days  and  nights  are  longer  than  twelve  hours 
and  where  shorter. 

1303.  It  rnight  be  expected  that  there  would  be  a tendency 
in  the  rotating  globe  to  change  or  rectify  its  position  to  that 
shown  in  Art.  1301,  but  there  is  no  such  tendency.  There  are 
a few  slight  and  slow  changes  occurring  in  the  direction  of  the 
earth’s  axis  to  be  explained  under  the  heads  of  precession  of  the 
equinoxes  and  nutation ; but  they  are  of  the  nature  of  oscillating 
motions,  which  compensate  or  rectify  themselves  after  a certain 
time. 

“ The  Earth  is  accomjpamed  hy  a smaller  globe,  the  Moon,  which 
revolves  about  it,  as  it  revolves  about  the  Sun.”  (Read  the 
Outline,  page  647.) 

The  explanation  given  of  the  balancing  forces  which  main- 
tain the  earth  unerringly  in  its  orbitual  path  round  the  sun 
applies  also  to  the  case  of  the  moon  revolving  round  the  earth. 
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1304,  Of  the  many  bodies  in  our  solar  system,  the  sun  is  the 
only  one  which  is  self-luminous.  The  others,  including  the 
moon  and  all  the  planets,  can  affect  our  sense  of  sight  only  when 
reflecting  part  of  the  liglit  which  falls  on  them  from  the  sun — 
just  as  is  true  of  any  common  object  in  a landscape  which  in  the 
darkness  of  night  is  quite,  invisible,  but  in  the  sunshine  is  beauti- 
fully bright. 

1305.  It  w'as  the  common  belief  of  old  that  the  moon  also 
was  self-luminous,  a misconcejjtiou  which  rendered  the  phe- 
nomena of  the  slender  new  moon  gradually  growing  into  the 
half-moon  and  full-moon,  with  the  subsequent  decline,  so  myste- 
rious or  inexplicable  to  them.  No  one  then  thought  of  making 
the  experiment  of  suspending  a ball  near  to  a strong  lamp  in 
the  external  air  of  a dark  night,  and  then  walking  round  it  to 
see  strikingly  exhibited  all  the  phases  of  the. wondrous  moon. 
The  appearances  are  recalled  by  the  adjoining  diagram. 
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Nearly  the  same  result  is  obtained  by  painting  one  half  of  a 
globe  white  and  the  other  half  black,  and  then  suspending  it  so 
as  to  cause  it  to  rotate  slowly  before  the  eyes. 

1306,  To  be  told  that  the  moon,  which  a child  or  uneducated 
person  judges  to  be  of  about  one  foot  in -diameter,  is  in  truth 
more  than  a fourth  part  as  broad  as  this  earth,  might  stagger 
the  belief  of  any  commencing  student,  but  the  evidences  of  the 
truth  are  many  and  irresistible. 

Let  the  circle  C represent  the  earth,  M the  moon  over  the 
head  of  a person  at  E,  and  M H part 
of  the  apparent  path  of  the  moon 
travelling  round  the  earth,  always 
at  nearly  the  same  distance  from  the 
centre  of  the  earth  C.  It  is  evident 
that  the  moon,  when  at  M,  is  nearer 
to  a spectator  on  the  earth  at  E by 
half  the  diameter  of  the  earth — 4000 
miles  — than  when  she  is  setting 
beyond  the  hoiizon  at  H.  According 
to  the  law  of  optics,  that  an  object 
appears  smaller  in  proportion  as  it  is  further  away,  the  moon 
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when  at  H should  appear  smaller  to  the  siiectator  at  E than 
wlien  at  M.  Now,  when  measured  by  a fit  instrument  it  does 
appear  smaller  by  just  one-sixtieth  part  of  its  diameter.  This 
proves,  therefore,  that  4000  miles  is  the  sixtieth  part  of  the 
moon’s  distance  from  the  earth — and  truly,  sixty  times  4000,  or 
240,000  miles,  is  the  distance  of  the  moon  from  the  earth,  as 
proved  by  other  more  precise  methods. 

This  experiment  proves  additionally  the  striking  fact  that  in 
the  six  hours  between  the  moon’s  being  over  a person’s  head  and 
its  setting,  its  distance  from  the  person  is  increased  by  4000 
miles. 

1307.  The  moon  is,  in  comparison  with  other  heavenly 
bodies,  so  near  to  this  earth  that  with  a good  telescope  the 
heights  and  depressions  on  its  surface  can  be  accurately  mea- 
sured, and  correct  maps  of  the  surface  have  been  made.  Many 
of  the  irregularities  referred  to  resemble  so  completely  the 
mountains  and  craters  of  volcanic  regions  on  this  earth,  that  they 
are  believed  to  be  of  volcanic  origin. 

1308.  The  fact  which  more  than  any  other  proves  the  kin- 
dred constitution  of  the  moon  and  this  earth  is,  that  just  as  a 
mountain  on  earth  attracts  a plummet  hanging  near  it,  accord- 
ing to  the  law  of  mutual  attraction  or  gravitation  between  them, 
so  does  the  moon  when  appearing  over  any  part  of  the  ocean  of 
this  earth,  lift  or  draw  up  towards  her,  as  a flood-tide,  several 
feet  in  depth  of  the  ocean,  and  hold  it  there  for  hours,  until  her 
departm-e  allows  it  again  to  subside. 

Dr.  Maskelyne,  the  astronomer  royal  in  1772,  could  estimate 
the  mass  of  the  mountain  Skehalien,  in  Scotland,  by  its  influence 
on  a plummet  hanging  near  it,  so  can  we  know  the  mass  and 
weight  of  the  moon  by  its  influence  on  the  tides  of  this  earth. 
Into  a tidal  harbour  like  that  of  Liverpool  the  moon,  in  six 
hours,  raises  more  water  to  a height  of  about  twenty  feet  than 
all  the  pumping  steam-engines  in  England  could  raise  in  the 
same  time. 

1309.  In  the  phenomenon  of  the  tides  there  is  this  paradoxi- 
cal fact,  that  while  on  the  side  of  the  earth  where  the  moon  is 
seen,  the  water  rises  towards  her,  making  there  a flood-tide  of 
many  feet  in  depth,  on  the  opposite  or  distant  side  of  the  earth 
away  from  the  moon,  the  water  similarly  rises  to  an  equal  height. 
The  fact  is  pictured  in  the  adjoining  diagram.  M is  the  moon,  B 
A the  earth,  and  the  protuberances  of  the  water  at  A and  B are  tlie 
flood-tides  in  both  situations  at  tlie  same  time.  Thus,  although 
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tlio  moon  appears  over  any  pai-t  of  the  earth  only  once  in 
twenty -four  liom-s,  the  floocl-ticlo  occurs  there  twice.  The 
explanation  of  the  tide  at  B on  the  side  of  the  earth  towards  the 


moon  offers  no  difficulty,  and  the  tide  at  A on  the  distant  side  of  * 
the  eaidh  is  the  effect  of  the  centrifugal  force  of  the  water  at  A 
not  fully  balanced  by  the  attraction  of  the  moon,  which  is  nearly 
4000  miles  more  distant  from  A than  from  B.  The  tide  on  the 
near  side,  therefore,  may  be  called  the  centripetal  tide  and  the 
other  the  centrifugal.  It  may  be  here  recalled  that  when  there 
is  accumulation  of  water  or  flood-tide  on  two  opposite  sides  of  the 
earth,  there  must  be  deficiency  of  water,  or  ebb-tide,  on  the  inter- 
mediate parts.  It  was  explained  in  a former  page  (99)  that 
when  two  mutually-attracting,  or  cohering  bodies  are  revolving 
round  each  other  they  both  really  are  revolving  round  the 
common  centre  of  gravity  of  the  two,  here  marked  C. 

It  is  to  be  observed  here  that  the  sun  also  produces  tidal  dis- 
turbance in  the  waters  of  this  globe,  but  not  nearly  so  great  as 
that  made  by  the  moon,  because  of  the  vastly  greater  distance  of 
the  sun.  When,  however,  the  two  influences  either  join  or  are 
in  direct  opposition,  the  stronger  effects  are  produced  called  the 
spring-tides  and  the  neap-tides. 

1310.  If  this  earth  were  all  covered  with  ocean  the  two  tidal 
waves  would  rise  and  subside  uniformly  all  round  it,  but  owing 
to  the  irregular  forms  of  the  land  and  of  the  sea-bottom,  the 
simple  progress  is  prevented.  A striking  phenomena  connected 
with  the  tides  is,  that  when  the  great  tidal  wave  enters  a broad 
inlet  or  bay  which  gradually  contracts  towards  the  inner  end,  as 
in  the  Bristol  Channel,  such  wave  becomes  higher  as  it  is  com- 
pressed by  the  narrowing  channel — in  some  places  to  the  depth 
of  nearly  100  feet,  as  in  the  bay  of  Fundy,  in  North  America. 
Into  the  mouths  of  the  Ganges,  below  Calcutta,  the  tidal  wave 
often  enters  with  steep  front  and  great  violence,  forming  what  is 
called  the  lore,  and  causing  great  commotion  among  the  boats 
and  shipping  in  the  river.  In  the  silence  of  the  night  some- 
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times  a person  may  hear  the  distant  sound  of  the  incoming  flood, 
and  may  feel  surprised  to  reflect  that  the  apparently  small 
moon,  looking  down  from  a calm  sky,  is  really  the  cause  of  tlie 
uproar  in  the  gulfs  and  rivers. 

» 

“ This  Earth  is  the  third  from  the  sim,  in  order  of  distance  and 
length  of  year,  of  a series  of  such  Globes,  called  Planets, 
revolving  round  the  Sun,  some  of  them  being  smaller  than 
the  Earth  and  having  no  moon,  some  being  larger  and 
having  several  moons.”  (Read  the  Outline,  page  047.) 

1811.  The  adjoining  diagram  will  give  to  the  student  at  once 
a general  notion  of  the  arrangement  of  sun  and  planets,  -which 
constitute  what  is  called  the  solar  system.  It  represents  what 
an  eye  would  see  if  looking  down  on  the  system  from  a great 
elevation  on  its  north  side.  The  central  figure  marks  the  place 
of  the  sun,  and  the  numbered  circles  around  that  indicate  the 
paths  or  orbits  of  the  different  planets  moving  in  the  direction 
shown  by  the  arrows,  as  they  would  appear  if  every  planet  left 
a line  of  light  where  it  passed  along.  The  nine  chief  planets 
have  their  orbits  here  numbered.  The  following  fanciful  names 
were  early  given  to  them  from  the  heathen  mythology,  and 
although  without  distinct  meaning,  are  still  retained : — 1,  Mer- 
cury ; 2,  Venus  ; 3,  the  Earth ; 4,  Mars ; 5,  a crowd  of  smaller 
bodies  called  planetoids,  like  parts  of  a large  planet  not 
yet  cohering;  6,  Jupiter;  7,  Saturn  ; 8,  Uranus;  9,  Neptune. 

All  these  bodies  have  globular  form,  proving  that  the  law  of 
gravitation,  which  accounts  for  the  form  of  the  earth,  as  ex- 
plained in  a former  section,  is  active  throughout  universal 
nature.  And  they  are  all  restrained  in  their  orbits  by  the  same 
balance  of  centripetal  and  centrifugal  forces  which  rules  else- 
where. 

The  sun,  as  already  stated,  is  the  only  self-luminous  body  in 
the  system,  and,  therefore,  the  most  important  in  it.  The  sun’s 
presence  makes  day,  its  absence  night ; its  more  direct  beams 
make  summer,  its  less  direct  make  winter ; and  on  its  numerous 
influences  depend  the  life  and  w'ell-being  of  the  animal  and 
vegetable  creation. 

1312.  Thinkers  have  speculated  on  the  probable  mode  of 
origin  of  this  glorious  system,  inquiring  whether  it  may  have 
come  into  existence  at  once,  nearly  as  we  now  see  it,  by  the 
will  of  its  Divine  Author,  or  whether,  like  all  the  subordinate 
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objects,  of  which  men  may  witness  tlie  beginning,  it  was  built  up 
gradually  by  successive  additions  of  minute  particles,  iii  obe- 
dience to  laws  whioli  Divine  wisdom  had  ordained. 

The  most  majestic  oak  now  standing  in  any  forest  was  once 
only  a small  acorn  or  seed ; the  whale,  the  elephant,  the 


lion,  and  even  every  human  being  now  existing  in  the  world, 
commenced  visible  existence  as  a minute  ovum  or  embryon, 
uliich  ha.s  been  gradually  built  uj?  to  the  dimensions  of  maturity 
by  atom  joined  to  atom. 


G80 


ON  ASTRONOMY. 


1313.  It  is  known  tliat  all  the  elementary  substances  of  which 
larger  masses  in  the  world  are  formed,  namely,  the  metals,  car- 
bon, sulphur,  and  about  sixty  others,  are  resolvable  by  strong 
heat  into  a gaseous  or  aeriform  condition,  invisible  to  human 
sight;  so  that  this  solid  globe,  and  all  within  and  upon  it,  might, 
by  heat,  be  changed  into  a vast  transparent  mass.  We  may 
adduce  as  illustration  of  this  truth  the  phenomena  now  to  be 
described. 

1314.  A person  looking  up  into  a perfectly  transparent  sky 
may  see  there  nought  but  bluish  space  or  extension,  although' 
aware  that  the  space  is  occupied  by  a material  atmosphere.  A 
change  then  occui’ring  in  the  temperature,  or  electrical  state  of 
that  atmosphere,  may  suddenly  cause  a haze  to  appear.  The 
moist  particles  of  the  haze  may  then  multiply  and  become  a 
dense  cloud,  and  that  moisture  may  soon  condense,  or  coalesce, 
into  drops  of  rain ; these,  with  increase  of  cold,  may  be  frozen 
into  solid  snow-flakes  or  hail-stones,  which  mutually  cohering 
into  larger  masses,  and  descending  with  violence  to  the  ground, 
can  demolish  any  fragile  objects,  and  may  even  loll  animals  of 
considerable  size.  If  the  atmosphere  during  such  changes  have 
vorticose  motion  of  whirlwind  or  cyclone,  the  solid  masses  must 
share  such  motion. 

1315.  If  something  like  this  solidification  of  gaseous  invisible 
matter  had  occurred  long  ago  on  a prodigiously  larger  scale, 
planets  instead  of  hail-stones  might  have  resulted,  and  the  pre- 
sent solar  system  might  have  come  to  occupy  the  space  pre- 
viously held  by  the  transparent  cloud.  Sucli  supposition  would 
seem  to  explain  why  all  the  planets,  and  all  the  satellites  about 
the  planets,  revolve  in  the  same  direction,  and  why  the  indivi- 
dual planets,  and  even  the  sun  himself,  rotate  about  their  own 
centres  in  that  direction,  and  further,  it  accounts  for  the  very 
remarkable  fact  that  in  the  wide  space  between  the  two 
planets  Mars  and  Jupiter,  where,  to  maintain  unifonnity  of 
condensation  throughout  the  space,  a large  planet  should  have 
appeared,  but  did  not,  the  improved  telescopes  of  modern 
times  discover  a great  number  of  smaller  masses  revolving, 
which,  if  united,  would  form  such  a planet  as  seemed  due  to  the 
situation. 

1316.  This  sketch  is  presented,  not  as  the  history  of 
the  origin  of  the  solar  system,  but,  by  analogy,  as  a familiar  type, 
to  facilitate  the  conception  of  the  gi’eat  facts  really  existing. 

The  invention  of  the  telescope  and  other  valuable  means  of 
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observing  facts,  and  tlie  improved  modes  of  computation  devised 
in  recent  times,  do  not  assert  the  impossibility  of  some  such 
origin  of  the  solar  system  as  above  sketched. 

The  table  which  hero  follows  of  the  globes  of  our  solar  system, 
with  their  exactly  ascertained  distances  from  one  another, 
their  comparative  bulks,  their  times  of  rotation,  or  length  of 
days,  and  times  of  revolution,  or  length  of  years,  and  the 
number  of  their  moons,  is  in  complete  harmony  with  the  ascer- 
tained laws  of  inertia  and  gi-avitation,  as  explained  by  Sir  Isaac 
Newton. 


1317.  Table  of  the  great  bodies  of  the  Solar  system,  with  their 
sizes,  distances,  and  other  'particulars. 


Plankts. 

Mean  distances 
from  the  Sun  in 
Millions  of 
miles. 

Bulk  as 
compared 
with 

this  Kai'th. 

Time  of 
Rotation 
or  length  of 
Day. 

Time  of 
Revolution 
or  length 
of  Year. 

Number  of 
Moons. 

Mercui’y 

1 36 

^th 

HRS.  MIN. 

23  50 

YRS,  DAYS. 

0 87 

None. 

Venus  . . 

68 

■^ths 

23  21 

0 224 

None. 

Earth  . . 

93 

1 

24  0 

0 365i 

1 

Mars . . . 

142 

4-th 

24  40 

0 686 

None. 

Planetoids  . | 

between  1 
200  and  300  f 

•• 

•• 

Jupiter  . . 

485 

1,414 

9 55 

4 332 

4 

Saturn  . ,, . 

890 

735 

10  16 

10  760 

7 

Uranus  . . 

1,800 

82 

7 5 

79  205 

6 

Neptune 

3,447 

•• 

j 3 • 

i already 
( discovered 

Moon  . . 1 

Sun  . . . 

from  Earth  1 
24,000  miles.  J 

93  millions 

^th. 

(li  mil- 
lions of 
times 
larger. 

274-'  days. 
254-  days. 

•• 

• • 
• * 

1318.  In  thinking  of  the  stupendous  magnitudes  and  relative 
distances  of  the  bodies  which  constitute  our  solar  system,  it 
facilitates  the  conception  to  figure  before  the  mind  an  arrange- 
ment exhibiting  nearly  the  like  proportions  on  a vastly  smaller 
scale,  among  known  things.  Thus,  if  a Londoner  imagines  a 
globe,  of  about  eighty  feet  in  diameter,  placed  on  the  summit  of 


082 


ON  ASTRONOMY. 


fet.  Paul’s  Cathedra],  to  represent  the  sun,  tlie  comparative 
distances  and  magnitudes  of  the  planets  would  be  roughly  as 
follows 


Mercury,  a globe  of  5 inches  diameter 

at  Putney. 

Venus  . 

11  inches 

Richmond. 

The  Eartli 

12  inches 

Windsor. 

Mars 

9 inches 

Oxford. 

Jupiter  . 

10  feet 

Liverpool. 

Saturn  . 

7 feet 

Durham. 

Uranus  . 

6 feet 

Edinburgh. 

Neptune. 

5 feet 

Orkneys. 

Our  Moon 

3 inches 

30  feet  from  the  Earth. 

It  is  a matter  of  pure  arithmetical  computation  that  a rail- 
way train  at  a uniform  speed  of  forty  miles  an  hour  would  need 
nine  months  to  reach  the  moon,  302  years  to  reach  the  sun,  and 
a thousand  times  as  much  to  reach  the  nearest  fixed  star. 

One  is  surprised  to  think  liow  small  a portion  of  the  space  of 
the  universe  is  occupied  by  the  substance  of  the  sun  and  the 
worlds  around  him, 

1319.  As  when  looking  edgeways  at  a wheel  or  circle,  the 
eye  sees  only  a straight  line,  and  if  the  wheel  be  rotating,  and 
carries  some  object  on  its  side  near  the  outer  edge,  that  object  does 
not  appear  to  move  in  a circle,  but  to  sweep  across  the  centre  of 
the  wheel,  from  side  to  side,  almost  in  a straight  line  ; so  to  an 
observer  on  earth,  looking  at  another  planet  revolving  in  an  orbit 
nearer  the  sun,  the  planet  appears  to  sweep  in  a near!^  straight 
line  alternately  to  the  east  and  to  the  west  of  the  sun.  The 
planets  Venus  and  Mercury  thus  being  nearer  to  the  sun  than 
the  earth  is,  appear  to  an  observer  on  earth,  during  one  half  of 
their  revolution,  as  evening  stars  east  of  the  sun,  and  during  the 
other  half  as  morning  st0,rs  west  of  the  sim.  The  apparent  con- 
fusion of  the  planetary  motions  observed  from  the  earth  is  much 
increased  by  the  fact  that  the  earth  itself  is  constantly  changing 
its  place. — Had  men  not  become  able  constantly  to  measm-e  the 
changing  distances  of  the  other  planets  from  the  earth,  the  course 
of  their  motions  could  not  have  been  accurately  ascertained. 

1320.  If  th^  orbits  of  the  planets  had  been  all  exactly  in  the 
same  plane  like  that  of  boats  sailing  round  a ship  at  anchor,  the 
boats  being  at  different  distances  and  having  different  speeds, 
whenever  two  planets  happened  to  be  in  the  same  line  from  the 
sun,  the  nearer  one  would  have  been  seen  from  the  more  distant, 
crossing  the  face  of  the  sun,  and  exhibiting  what  is  called  a 
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transit,  as  wlien  the  planet  Venus  so  crosses  it.  But  the  planes 
of  the  orbits  do  not  so  ])erfectly  coincide,  and  hence  the  rarity  of 
the  observed  transits.  The  two  last  transits  of  Venus  took 
place  in  the  years  17G1  and  17G9,  and  the  next  will  be  in  De- 
cember, 1874.  The  exact  observation  of  these  transits  aids  much 
in  determining  the  distance  of  the  sun  from  tlieeai’th,  and  hence 
they  are  watched  with  much  interest. 

1321.  The  transit  across  the  face  of  the  sun  of  a comparatively 
small  and  distant  body  like  Mercury  or  Venus,  when  seen  from 
the  earth,  does  not  attract  popular  notice  ; but  when  the  inter- 
cepting body  is  near  the  spectator,  as  when  our  moon  is  passing 
between  the  earth  and  the  sun,  it  may  hide  from  the  spectators 
here,  for  a time,  the  whole  face  of  the  sun,  as  a hand  held  up 
before  the  eyes  can  do,  and  then  occurs  the  phenomenon  deemed 
the  most  awful  in  nature  while  not  understood — the  total  eclipse 
of  the  sun.  When,  on  the  other  hand,  the  earth  happens  to  be 
the  body  intercepting  the  sun’s  light,  radiating  towards  the 
moon  beyond  it,  the  occurrence  of  opposite  natui’e  takes  place,  of 
the  eclipse  of  the  moon. 

1322.  These  eclipses  may  be  total,  or  partial  in  any  degree, 
according  as  the  position  of  the  intercepting  body  is  central  to 
the  other  or  not.  A phenomenon  illustrating  this  subject  strik- 
ingly is  that  called  the  annular  or  ring-eclipse  of  the  sun.  At 
the  ordinary  distances  of  the  sun  and  moon  from  the  earth,  they 
occupy  nearly  an  equal  breadth  of  the  sky,  so  that  the  moon 
intervening  can  hide  the  whole  face  of  tile  sun,  but  when  in 
particular  parts  of  the  orbits,  the  sun  is  nearer  and  the  moon  is 
more  distant  than  usual,  and  then  tlie  intervening  moon  does 
not  quite  cover  the  sun,  but  leaves  a ring  of  his  body  visible 
around  its  own  circumference. 

The  adjoining  figure  exhibits  to  the  eye  the  relative  positions  of 
planetary  orbits,  of  which  the  jilanes  do  not  coincide.  S marks 


the  place  of  the  sun,  E x’epresents  the  end  of  the  line  or  plane 
of  the  earth’s  orbit,  V that  of  another  planet,  B that  of  a third, 
,and  M that  of  the  moon.  It  is  evident  that  there  can  be  no 
eclipse  of  either  kind,  or  transit,  but  when  the  sun  and  the  two 
other  bodies  are  all  in  tlie  same  straight  line  where  two  planes 
cut  or  cross  each  other. 
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]323.  To  think,  as  our  remote  forefathers  did,  that  the  won- 
drous array  of  the  many  planets  visible  from  this  earth  serve  no 
purpose  but  to  adorn  its  nocturnal  sky,  would  now  appear 
absurd  indeed  ; but  whether  they  are  inhabited  by  beings  at  all 
resembling  the  men  of  this  earth  we  have  not  the  means  of 
knowing.  All  the  analogies  favour  the  opinion  that  they  are  the 
abodes  of  life  and  its  satisfactions.  On  this  earth  there  is  no 
place  so  hot  or  so  cold,  so  illumined  or  so  dark,  so  dry  or  so  wet, 
but  that  it  has  creatures  constituted  to  enjoy  life  there. 

1324.  The  sun,  as  has  been  already  said,  is  the  only  body  in 
the  system  which  is  self-luminous.  How  its  intense  temperature 
and  brilliancy  are  maintained  is  not  yet  well  known ; but  experi- 
ments made  in  late  times  upon  the  sun’s  light,  refracted  and 
decomposed  by  passing  through  transparent  prisms,  give  assur- 
ance that  the  same  material  elements  which  meet  in  the  compo- 
sition of  the  bodies  on  earth  exist  also  at  intensely  high  tem- 
perature in  the  luminous  atmosphere  of  the  sun. 

1325.  There  are  reasons  for  thinking  that  many  of  the  same 
chemical  elements  exist  also  in  the  different  planets,  although 
the  density  of  the  planetary  masses  is  found  to  be  very  different. 
If  the  planets  are  homes  of  happiness  to  intelligent  beings,  the 
constitutions  of  these  beings  must  differ  much  from  that  of  the 
inhabitants  of  this  earth.  Could  a traveller  from  hence  visit 
the  other  planets  he  would  find,  among  other  particulars,  as 
follows : — 

A.  Mercury. — The  general  temperature  greater  than  that  of 
the  warmest  day  in  the  warmest  part  of  this  earth, — the  sun 
appearing  of  three  times  the  diameter,  and,  therefore,  with  nine 
times  as  much  surface  as  when  viewed  from  the  earth ; the  year 
lasting  only  eighty-seven  days ; the  day  being  of  nearly  twenty- 
four  hours. 

B.  Venus. — Also  very  hot,  but  animals  of  this  earth  might 
bear  the  climate  towards  the  poles.  This  earth,  from  Venus, 
would  appear  as  large  as  Venus  does  from  the  earth — accom- 
panied always  by  its  moon,  revolving  a short  distance  from  it ; 
the  day  lasting  nearly  twenty-fom*  hours,  as  it  does  on  this  earth 
and  on  Mercury. 

C=  The  Moon. — The  day  just  half  as  long  as  the  month  of  this 
earth,  and  the  night  in  the  same  proportion.  As  the  moon, 
while  revolving  round  the  earth,  has  always  the  same  face  or 
side  towards  the  earth,  if  there  were  inhabitants  on  the  distant 
side  of  the  moon,  they  could  never  see  the  earth  but  by  tra- 
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veiling  round  their  globe  towards  it,  and  the  inhabitants  on  the 
near  side  would  have  the  earth  always  in  view  and  in  the  same 
part  of  their  sky,  spinning  round  once  in  every  twenty-four 
hours,  and  exhibiting  to  them  in  succession  all  its  continents  and 
seas.  A man  weighing  150  pounds  on  this  earth  would  weigh 
only  about  a fifth  part  as  much  on  the  moon.  There  is  not  clear 
evidence  of  there  being  water  or  air  in  the  moon. 

D.  Mars. — Colder  much  than  this  earth.  The  regions  about 
the  poles  in  its  winter  season  become  white,  as  if  covered  with 
snow,  which  disappears  again  when  summer  returns.  Owing  to 
its  great  distance,  the  sun  appears  at  it  but  half  as  broad  as 
when  seen  from  this  earth.  The  body  of  the  planet  is  of  reddish 
hue,  like  the  red  sandstone  rocks  of  the  earth. 

E.  Planetoids. — Nearly  a hundred  are  already  known,  all 
discovered  within  the  present  century;  some  of  them  are  not 
200  miles  in  diameter. 

F.  Jwpiter. — The  largest  of  the  planets.  A man  there  would 
w'eigh  nearly  three  times  as  heavily  as  on  this  earth.  The  length 
of  day,  or  rotation  on  the  axis,  is  of  only  ten  hours  and  forty 
minutes.  The  consequent  great  centrifugal  force  at  the  equator 
causes  the  bulging  there  to  be  so  great  as  to  be  evident  to  simple 
inspection.  There  are  four  beautiful  moons  constantly  revolving 
round  the  planet,  wliich,  to  the  astronomers  on  this  earth,  are 
like  the  hands  of  a vast  unerring  time-piece.  Owing  to  the 
great  distance,  the  sun  appears  at  Jupiter  to  be  twelve  times 
smaller  than  as  viewed  from  the  earth.  Dark  bands  are  seen 
on  the  surface  of  the  jDlanet  parallel  to  the  equator,  caused,  it  is 
judged,  by  clouds  carried  along  on  winds  there,  corresponding  to 
the  trade-winds  on  this  earth. 

Gr.  Saturn. — Still  colder  than  Jupiter.  It  has  seven  moons 
wheeling  round  it,  and,  additionally,  has  a broad,  double,  or 
more  complex  flat  ring  revolving  between  the  moons  and  the 
body  of  the  planet. 

H.  Uranus. — Although  about  eighty  times  larger  than  tliis 
earth,  it  is  so  distant  and  apparently  small  that  it  was  not  dis- 
covered until  1781,  when  Sir  W.  lierschel’s  eye  and  telescope 
fell  upon  it. 

I.  Neptune. — Discovered  only  ten  years  ago.  Its  existence' 
had  been  suspected  for  some  time,  as  causing,  by  its  attraction,  an 
observed  disturbance  in  the  motion  of  the  planet  Uranus,  which 
in  th(?  series  of  planets,  is  the  next  to  it.  Two  moons  of  Nep- 
tune have  been  discovered,  and  perhaps  there  are  more. 
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The  two  last-named  planets  are  so  remote  tliat  the  sun  can 
appear  to  them  little  more  than  a very  bright  star. 

“ Around  the  sun  there  revolve  also,  in  very  elongated  elliftie 
orhits,  many  hulJcy  transparent  masses,  as  of  gaseous  matter, 
called  Comets.”  (Read  the  Outline,  page  647.) 

1326.  Until  it  was  ascertained  that  the  comets  revolve  in 
orbits  as  perfectly  in  accordance  with  the  laws  of  inertia  and 
gravitation  as  the  planets  themselves,  tlieir  occasional  appear- 
ance in  the  sky  excited  in  the  public  mind  extreme  awe  and 
terror.  They  were  deemed  instances  of  direct  interference  of 
Divine  power  with  the  usual  course  of  nature,  intended  to  serve 
some  pm’j)ose  of  warning  to  men,  of  Divine  displeasure  and  of 
coming  disaster.  Such  feelings  have  only  gradually  passed 
away,  although  the  periodical  return  of  many  of  the  comets  is 
now  foretold  nearly  as  of  the  planets.  Comets  have  little 
weight  or  momentum,  and  one,  in  the  year  1830,  passed 
among  or  near  the  moons  of  Jupiter  without  at  all  disturbing 
their  motions.  The  comet  distinguished  as  Halley’s  has  a 
period  of  nearly  seventy-five  years. 

1327.  It  completes  our  sketch  of  the  bodies  existing  within 
tlie  bounds  of  our  solar  system  to  say  that  there  are  masses 
innumerable,  invisible  from  their  smallness  to  human  sight,  until 
they  come  within  the  limits  of  our  earth’s  atmosphere,  which, 
owing  to  the  great  condensation  of  the  an-  and  the  friction  pro- 
duced by  their  rapid  motion  through  the  atmosphere,  become 
heated  to  redness,  and,  being  obstructed,  fall  to  the  earth  as 
aerolites  or  meteoric  stones.  They  consist  of  chemical  elements, 
all  known  on  earth,  and  chiefly  of  iron.  There  are  strong 
reasons  for  believing  that  there  are  vast  bands  of  such  minute 
masses  revolving  round  our  sun  as  the  planets  do,  or  as  the  rings 
of  Saturn  revolve  round  it,  which  the  earth  at  times  encounters 
in  its  orbital  progress.  Their  appearance  has  occurred  fre- 
quently in  the  months  of  November  and  August.  Sometimes 
they  have  seemed  to  fill  the  sky  almost  as  thickly  as  flakes  of 
falling  snow.  These  bodies  have  been  called  shooting  or  falling 
■stars,  aerolites,  &c. 
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ISectioii  0.— “ The  sun  himself  is  hut  the  nearest  to  this  earth  of 
unmmhered  similar  bodies  far  apart  in  boundless  space, 
of  which  the  others,  because  of  their  vast  distance,  appear 
to  human  sight  very  small,  and  are  called  starsT  (Head 
tlie  Outline,  page  647.) 

1328.  Such  is  the  dazzling  splendour  of  the  sun  at  noon, 
seeming  to  fill  all  space  with  his  light  and  other  influence,  that 
our  forefathers,  with  their  short  experience,  might  well  suppose 
one  sun  to  be  sufGcient  for  a universe.  Thousands  of  years 
passed  before  men  got  views  wider  and  rnore  true. 

1329.  All  persons  are  aware  that  to  the  human  eye  objects 
appear  smaller  and  less  distinct  the  farther  they  are  removed 
from  the  observer;  but  only  those  who  have  looked  more 
carefully  into  the  subject  know  how  strictly  true  this  is  to  any 
extent. 

A great  ship,  with  all  sail  ready  set,  leaving  a harbour,  may 
conceal  or  cover  half  the  sky  from  a spectator  near.  As  it  in- 
creases its  distance,  it  covers,  less  and  less  of  the  sky,  and  when 
ten  miles  away,  it  is  seen  only  as  a dark  sjDot  on  the  horizon, 
which  a finger-nail  held  up  can  completely  hide. 

A small  coin  held  before  the  eye  covers  or  hides  one  of  double 
diameter  at  double  distance,  and  hides  objects  of  always  greater 
diameter  as  the  distance  increases,  such  as  a balloon,  the  moon, 
the  sun. 

In  the  diagram  at  page  553,  which  shows  a row  of  similar 
stone  blocks  as  they  appear  at  increasing  distances,  those  farther 
off  become  smaller  and  smaller  in  succession,  and’ at  S,  called 
by  painters  the  vanishing  point,  they  appear  so  small  that  they 
cannot  be  separately  distinguished. 

It  is  an  interesting  spectacle  to  see  a balloon  crossing  the  face 
of  a full  moon.  The  baUoon  appears  a small,  scarcely  visible 
spot,  because,  it  may  be,  a thousand  times  farther  off  than  when 
seen  before  rising ; but  the  moon  appears  of  her  ordinary 
breadth,  because,  not  by  a thousandth  part,  nearer  or  farther 
ofi’  than  usual. 

From  such  facts  and  reasonings,  we  know  that  at  the  planet 
Mercury  the  sun  appears  three  times  as  broad  as  from  this  earth  ; 
from  the  planet  Mars  it  appears  only  one-third  part  as  broad  as 
from  the  earth  ; and  from  the  planet  Neptune  it  can  appear  only 
as  a vejy  bright  star.  Frojn  any  one  of  the  fixed  stars,  or 
from  a planet  near  that,  it  would  be  truly  a star. 
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An  approaching  comet  when  first  seen  appears  so  minute  as 
to  bo  visible  only  through  telescopes ; as  it  comes  nearer,  it 
seems  larger,  and  its  luminous  tail  may  stretch  across  half  the 
heavens.  Some  inquirers  have  conjectured  that  the  change  in 
the  apparent  size  of  a comet  as  it  approaches  the  sun,  is  due 
to  expansion  from  heat,  and  not  because  the  distance  from 
the  observer  is  lessened. 

The  orbit  of  Venus  is  nearer  to  the  sun  than  the  orbit  of  the 
earth ; and  as  these  two  planets  revolve  with  different  speed, 
they  are  at  one  time  much  nearer  to  each  other  than  at  another. 
Photographic  portraits  of  Venus,  made  at  the  different  distances,  ’ 
differ  in  size,  as  here  represented,  the  smaller  figures  recording 
th(i  appearance  at  a distance,  the  larger,  that  when  nearer. 
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It  is  to  be  remarked  of  Venus  and  Mercury  that,  being  nearer 
to  the  sun  than  the  earth,  they  show  to  spectators  on  earth  the 
same  phases  as  the  moon;  so  that  Venus  viewed  through  a 
telescope  which  magnifies,  appears  to  be  the  moon  in  her 
quarters. 

1330.  The  parallax  of  om*  sun  is  only  eight  seconds  and  a 
half  (8;^")  of  the  sky  or  field  of  view,  which  declares  a distance 
of  nearly  ninety-three  millions  of  miles.  The  nearest  stars  have 
parallax  of  only  about  one  second,  which  declai-es  a distance  of 
one  thousand  times  greater  than  that  of  the  sun  ; and  as  only  a 
few  stars  have  even  so  much  as  that,  all  the  others  must 
be  at  still  greater  distance.  Having  no  means  of  knowing 
how  much,  we  may  conjecture  it  to  be  in  proportion  to  the 
brightness.  There  is  reason  to  think  that  om-  sun  is  not  the 
largest  body  of  his  kind. 

1331.  The  mind  finds  it  so  difficult  to  conceive  clearly  these 
magnitudes  and  distances,  that  some  inquhers  have  been  dis- 
posed to  deem  the  whole  matter  a delusion ; but  irresistible  facts 
of  recent  discovery  have  settled  the  question.  .Sir  William 
Herschel  having  descried  through  his  telescope  two  starn,  ap- 
pearing nearly  in  the  same  line  from  the  eye,  like  two  distant 
trees  in  a forest,  he  hoped  that  the  lateral  movement  of  the 
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eartli  in  its  orbit  would  eitlier  open  out  or  close  the  space 
between  tlie  stars,  and  so  give  a jmrallax,  wliicli  would  help  to 
tleclare  their  distance  from  each  other  and  from  this  earth. 

1332.  The  result  of  the  experiment  was  not,  however,  what 
he  expected  and  desired.  But,  strange  to  say,  it  lurnished 
proof  that  one  of  the  self-luminous  sun-liUe  bodies  was  revolving 
round  the  other,  or  rather  that  the  two  were  revolving  round 
their  common  centre  of  gravity,  as  planet  and  satellite  do.  This 
observation  led  to  the  discovery  by  him,  and  sooji  after  by 
astronomers  generally,  of  many  such  unions,  and  not  oidy 
unions  of  two,  but  of  three  or  four  such  stars.  It  was  seen,  too, 
that  they  all  obeyed  the  same  laws  of  inertia  and  gravity,  which 
regulate  the  motions  in  our  own  solar  system.  The  periods  of 
revolution  in  a considerable  number  of  these  unions  have  been 
found  to  be  shorter  than  a hundred  years,  in  others  far  to 
exceed  that. 

1333.  It  is  known  that  two  bright  lamps,  near  to  each  other, 
if  viewed  from  a great  distance,  appear  to  the  naked  eye  as  one, 
although  a telescope  immediately  shows  them  apart.  So  it  is 
with  the  double  stars.  Of  Castor  and  Pollux,  the  former  is  a 
double  star,  of  which  the  two  members  appear  of  different  colours. 
More  than  a thousand  double  or  multiple  stars  are  now  noted  in 
our  star  maps.  No  reason  is  assigned  why  these  multiple  suns 
should  not  have  each  its  planets  around  it. 

1334.  It  is  further  to  be  stated  here  that  some  of  the  stars 
have  periodical  alternations  of  brightness  and  dimness,  proving 
rotation  about  an  axis  like  that  of  our  sun,  or  the  existence  of 
intervening  opaque  bodies  revolving  about  themi  Some  have  had 
times  of  exceedingly  increased  brightness,  making  them  sm-pass 
for  a while  any  other  star  in  the  sky.  Of  these  some  have  since 
totally  disappeared,  while  others  have  reappeared  after  long 
intervals. 

1335.  Besides  the  stars,  near  enough  to  our  system  to  be  easily 
counted  separately  by  the  naked  eye,  there  are  innumerable 
others  only  brought  into  view  by  telescopes,  as  in  the  so-called 
Blilky  Way,  stretching  all  across  the  sky.  There  are  also  in  the 
sky  many  luminous  patches  called  nebula},  or  starry  cloudlets, 
sending  us  only  diffused  light,  but  which  to  powerful  telescopes 
become  crowds  of  separate  stars.  Our  own  sun  seems  to  be  one 
in  such  a mass.  The  forms  of  many  of  these  assemblages  of 
stars  seem  to  indicate  that  great  movements  are  going  on 
among  them  of  w'hich  we  do  not  yet  understand  the  nature, 
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There  is  scarcely  a doubt  that  our  sun  and  his  planets  have  a 
motion  towards  the  constellation  Hercules. 

Measure  of  Time. 

Section  7.  “ The  motions  or  changes  among  the  heavenly  bodies 
are  found  to  he  so  regular  that  astronomers  now  fore- 
tell, in  almanacs  ^^uhlished  years  before  the  events,  the 
exact  times  of  coming  eclijgses,  occultations,  transits,  and 
other  phenomenal  (Head  the  Outline,  page  647.) 

1336.  The  current  of  time,  to  use  the  common  phrase,  is 
kno^vn  and  measured  by  men  in  the  observed  progress  of 
motions  going  on  among  the  objects  around  them. 

1337.  To  measure  any  given  thing  or  magnitude  is  to  choose 
as  a unit  of  comparison  a certain  amount  of  the  kind  of  thing 
to  be  measured,  and  then  to  find  how  man)'^  times  or  parts 
of  a time  such  unit  is  contained  in  the  new  quantity  to  be 
measured.  For  example,  in  regard  to  length,  having  chosen 
the  human  foot  as  a standard  unit,  always  and  everywhere  pre- 
sent and  ready  for  use,  men  can  say  how  many  feet  long,  or  high, 
or  broad,  or  deep  any  other  object  is.  This  proceeding  is  so 
obvious,  and,  therefore,  so  natural,  that  it  has  been  adopted  in  all 
ages  and  countries. 

1338.  In  regard  to  time,  there  are  certain  portions  or 
units  natm’ally  distinct,  which  have  been  everywhere  used  as 
standards  of  comparison.  The  most  obvious  of  all  is  that  called 
a day,  or  a day  and  night,  which  passes  between  the  rising  of 
the  sun  on  one  morning  and  his  rising  on  the  next.  Man’s  life 
may  be  said  to  begin  afresh  every  morning  when  the  sun’s  light 
rouses  him  from  a state  of  comparative  unconsciousness  to  some 
form  of  activity  through  the  day. — A second  larger  measure  of 
time,  comprising  many  days,  is  that  which  begins  with  every  new 
moon,  and  ends  when  the  next  new  moon  appears.  It  is  named 
from  the  moon,  a month. — And  there  is  a third  still  larger 
natural  portion,  which  extends  from  the  season  of  warmth,  called 
summer,  through  other  seasons  of  lower  temperature,  until  a 
succeeding  summer  arrives.  This  is  called  a year.  It  was 
judged  at  first  to  consist  of  about  360  days. 

If  these  three  standard  units  of  time  stood  in  such  precise 
fixed  relations  to  one  another  as  the  inch,  foot,  and  yard  do  in 
regard  to  lengtli,  any  one  of  them  might  be  used  as  a common 
standard,  because  of  anv  given  amount  of  one,  an  exact  equiva- 
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lent  can,  by  simple  comimtation,  be  named  of  any  other;  but 
this  is  not  the  case.  The  lengths  of  days  and  nights  are  dif- 
ferent in  different  seasons  of  the  year  and  in  different  latitudes  ; 
the  month  is  not  measured  exactly,  or  without  a fraction,  by  a 
certain  number  of  days  and  nights,  nor  is  the  year  measured 
more  exactly  by  a certain  number  of  equal  months.  In  conse- 
quence of  this,  much  confusion  and  uncertainty  have  reigned 
in  the  comparison  of  times  and  the  dates  of  certain  events. 

1339.  Some  strictly  uniform  or  inAuxriable  motion  in  nature 
had,  therefore,  to  be  sought,  with  which  all  others  might  be  com- 
pared. 

The  only  unchanging  motion  and  portion  of  time  yet  known 
to  man,  is  that  of  one  complete  rotation  of  the  earth  on  its  axis 
— that  is  to  say,  the  time  from  the  instant  when  a knoAvn  star  is 
seen  to  flit  or  make  its  transit  across  the  central  line  of  a tele- 
scope firmly  connected  Avith  the  ground,  to  the  instant  of  the 
reappearance  of  the  star  there  on  the  folloAving  night.  And 
artificial  timekeepers,  or  chronometers,  have  now  been  con- 
structed which  divide  that  interval,  called  the  sidereal  day,  into 
any  desired  number  of  perfectly  equal  parts.  It  has  been  found 
convenient  to  divide  the  Avhole  period  of  a day  and  night  into 
twenty-four  parts,  called  hours,  the  hour  into  sixty  minutes, 
and  the  minute  into  sixty  seconds.  Clocks  can  noAV  be  made  so 
perfect,  as  scarcely  to  err  by  a beat  of  the  pendulum  in  a Avhole 
year. 

1340.  Had  the  apparent  motion  of  the  sun  coincided  exactly 
Avith  that  of  the  stars  or  general  firmament,  the  sun,  by  the 
appearance  and  disappearance  of  Avhich  the  general  business  of 
society  must  be  regulated,  Avould  have  been  at  once  regarded  as 
the  perfect  index  of  passing  time  ; but  the  motions  do  not  coincide, 
for  the  sim  appears,  in  the  course  of  the  year,  to  travel  among  the 
stars  once  round  the  Avhole  firmament.  That  appearance  is 
produced,  as  already  explained,  by  the  real  motion  of  the  earth  in 
its  annual  motion  round  the  sun. 

The  apparent  and  real  motions  of  the  sun  and  earth,  however, 
are  in  strict  accordance  with  the  laAvs  of  inertia  and  gravitation 
expounded  by  NeAvton ; but,  as  explained  in  Art.  1299,  the  orbits 
of  the  earth  and  other  planets  are  not  perfect  circles,  and  the 
forms  of  rotating  masses,  like  the  planets,  because  of  the  greater 
centrifugal  force  acting  near  their  equators,  are  not  perfect 
spheres ; and  the  consequences  are,  slight  perturbations  or  devia- 
tions from  absolute  uniformity  in  their  motions.  These,  however, 
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like  otlier  oscillating  changes,  compensate  one  another  during 
complete  circuits,  and  do  not  vitiate  the  computation  of  average 
mean  times.  The  sun,  or  sun-dial,  in  marking  time,  is  as  much 
as  sixteen  minutes  behind  the  sidereal  clock  or  mean  time  in 
the  month  of  February,  and  is  as  much  before  it  in  the  month 
of  November,  as  shown  in  the  table  of  what  is  called  the 
equation  of  time.  The  relation  of  solar  and  sidereal  time 
being  now  perfectly  understood,  and  sidereal  clocks  being  placed 
in  Observatories,  the  advantages  of  both  systems  are  obtained. 

1341.  The  Egyptians  seem  to  have  been  the  first  to  note  with 
tolerable  exactness  the  number  of  days  in  the  year.  They  ob- 
served the  length  of  shadow  produced  by  a perpendicular  stile 
or  pole  on  a level  floor,  and  in  summer,  when  the  heat-giving 
sun  seemed  at  noon  to  come  the  nearest  to  the  zenith,  or  summit 
of  the  sky,  and  consequently  made  the  shortest  shadow,  they 
deemed  that  day  the  middle  of  the  summer  and  counted  the 
days'until  that  happened  again.  For  a considerable  time  it  was 
held  that  the  number  of  days  in  the  year  was  365 ; but  in  this 
there  was  an  error  of  nearly  six  hours,  for  after  a time  it  was 
found  that  the  day  of  shortest  shadow  came  later,  than  if  the 
year  were  of  only  365  days,  by  one  day  for  every  four  years.  The 
year  was  then  held  to  be  of  365  days  and  a quarter,  or  365  days 
and  six  hours. 

1342.  Julius  Caesar,  having  had  the  aid  of  an  Egyptian  astro- 
nomer, commanded  that  the  year  in  the  Eoman  Empne  shoidd 
be  held  to  be  of  365  days,  with  the  insertion  of  an  additional 
day  in  every  fourth  year,  now  called  leap  year.  It  was  after- 
wards ascertained,  when  astronomical  instruments  were  further 
improved,  that  there  still  remained  a fraction  in  error  of  about 
twelve  minutes,  which,  having  accumulated  up  to  the  year  1582 
of  the  present  era,  amounted  to  eleven  days ; Pope  Gregory  XIII. 
ordered  this  to  be  rectified  by  the  addition  of  eleven  days,  and 
a simple  management  of  the  leap  year  to  prevent  error  for  the 
future.  This  was  called  time  according  to  the  new  or  Gregorian 
style,  differing  now  from  that  of  the  old  or  Julian  style, 
still  used  in  a few  countries,  by  twelve  days.  According  to  the 
rule  as  modified  jn  1582,  there  cannot  arise  an  error  of  one 
day  in  5000  years.  Laplace,  by  comparison  of  present  and 
ancient  records,  declared  that  the  length  of  the  sidereal  day  has 
not  varied  the  hundredth  part  of  a second  for  the  last  2000 
years. 
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Section  8.  “ There  are  dear  evidences  all  over  this  earth  that, 
during  j)ast  ages,  sloio  hut  great  changes  have  been  going 
on  in  the  distribution  of  land  and  water  on  its  surface,  the 
hinds  of  animals  and  vegetables  sjpread  over  it,  and  other 
'particulars”  (Read  tlie  Outline,  page  G47.) 

1343.  Living  beings  can  exist  and  thrive  on  this  earth  only 
where  they  find  a sufficiency  for  them  of  four  great  necessaries 
of  life — namely,  food  or  aliment,  pure  air,  warmth,  and 
shelter  against  the  weather  and  enemies.  The  inferior  animals 
depend  on  what  of  necessaides  any  locality  spontaneously  pro- 
duces, their  number  being  limited  accordingly  ; and  even  human 
beings  in  the  condition  called  savage,  which  means  men  with- 
out knowledge  of  the  general  laws  of  nature,  and  of  the  arts 
founded  on  them,  and  gradually  growing  up  in  civilized  com- 
munities,— are  nearly  in  the  same  low  state.  This  has  lately  been 
seen  in  Australia,  in  Tierra  del  Fuego,  near  Cape  Horn,  and 
elsewhere.  But  men,  under  favourable  circumstances,  by  the 
exercise  of  their  high  endowment  of  reason,  can  compel  the 
earth  in  almost  any  region  to  produce  the  four  necessaries  in 
vastly  greater  abundance  than  where  no  art  is  used.  Thus  the 
human  population  of  a civilized  country,  instead  of  appearing 
as  a few  wandering  savages  spread  over  a wide  extent,  gradually 
multiply  until  great  cities  arise  in  the  midst  of  well-cultivated 
land.  The  land  furnishes  not  only  the  essentials  of  food  and 
clothing,  but  the  means  of  innumerable  conveniences  and  grati- 
fications, of  which  rude  men  have  no  idea. 

The  arts  of  agriculture  and  of  rearing  tame  animals  to 
furnish  sustenance  and  clothing,  constituting  for  a long  time, 
in  addition  to  the  arts  of  defence  against  enemies,  the  most  im- 
portant parts  of  the  business  of  civilization,  were  conse- 
quently held  in  high  honour. 

1344.  At  certain  stages  in  the  progi-ess  of  civilization  men 
would  discover,  at  first  by  accident,  here  and  there,  under  the 
surface  of  the  earth,  substances  like  the  metals,  and  • stones 
which,  in  various  ways,  could  aid  the  luTsbandmen  and  others 
in  their  labours.  With  implements  formed  of  metal,  for  cut- 
ting and  breaking,  most  other  substances  can  be  shaped  to 
answer  useful  purposes,  h^oi'  instance,  by  tlie  plough  so  made. 
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the  ground  can  be  caused  to  produce  many  times  more  corn  or 
other  kinds  of  food  than  would  grow  upon  it  in  a state  of  nature ; 
and  with  mallets  and  chisels,  dwellings  for  the  people  and 
other  structures  could  be  formed  of  stone,  incomparably  more 
durable  thaii  the  earth  or  lumps  of  clay  hardened  in  the  sun, 
which  had  been  previously  employed. 

Now  the  knowledge  of  where  best  to  find  the  various  pre- 
cious things,  hidden  beneath  the  surface  of  the  ground,  for  the 
innumerable  uses  to  which  they  are  now  applied  is  called 
Geological  knowledge  (from  GE,  the  earth,  and  LOGOS,  a 
discourse.) 

1345.  In  the  subterranean  search  for  what  might  be  useful, 
men  after  a time  found  that  the  different  substances  consti- 
tuting- the  crust  of  the  earth  to  a considerable  depth,  were  not 
lying  in  absolute  confusion  or  without  order,  but  in  beds  or 
strata,  more  or  less  distinct  from  one  another.  The  study  of 
such  order  singularly  aided  the  business  of  subsequent  search. 
Geological  maps  of  mineral  arrangements  have  now  been 
rendered  gradually  more  and  more  complete,  and  save,  to 
miners  and  others,  much  of  the  labour  and  expense  of  chance- 
searching, 

1346.  During  the  subterranean  labours  referred  to,  men 
gradually  found  what  they  had  little  expected,  namely,  dis- 
tinct evidence  of  constant  changes  going  on  upon  the  earth, 
effecting  momentous  results.  As  travellers  in  modern  times, 
by  breaking  uito  the  tombs  and  buried  cities  of  Egypt,  Asia, 
and  Italy,  read  the  history  of  manltind  and  human  arts  as  they 
existed  thousands  of  years  ago,  so  do  men  now,  by  penetrating 
much  deeper,  read  the  history  of  events  far  more  remote, — 
they  find  the  remains  of  races  of  animals  and  vegetables  which 
have  now  been  long  extinct,  and  proofs  that  many  species  of 
those  presently  existing  had  not  yet  appeared. 

1347.  They  have  found  at  last  that  the  contrast,  often  in 
common  speech  assumed  to  exist,  between  the  transient  and 
perishable  nature  of  human  works,  like  the  pyi-amids  and  palaces 
of  ancient  Egypt  and  Asia,  and  what  they  called  the  ever- 
lasting rocks,  mountains,  and  continents  of  nature,  was  a fallacy 
originating  in  the  shortness  of  human  life  and  narrowness  of 
experience ; the  truth  being  that  there  is  a close  analogy 
instead  of  a contrast.  Thus  they  have  discovered  that  it  is 
the  course  of  nature  for  every  visible  thing  upon  or  about  the 
surface  of  this  earth  to  be  constantly  changing,  according  to 
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laws  wliicli  Supreme  Wisdom  has  ordained.  Tlie  greater  part  of 
the  vegetable  covering  of  the  earth  decays,  and  is  renewed, 
every  few  yearn.  Even  the  most  gigantic  forest-trees,  after 
flourishing  for  centuries,  decay  and  die  ; and  then  by  the  chemi- 
cal action  of  the  oxygen  of  the  atmosphere,  with  rains  and 
winds,  heat  and  cold,  they  are  gradually  resolved  into  their 
chemical  elements,  which  soon  are  diffused  in  the  atmosphere  to 
become  the  substance  of  succeeding  trees.  So  the  whole  of 
the  animal  creation  is  being  similarly  changed  and  renewed  at 
short  intervals ; and  even  of  men  themselves,  only  a few  live  to 
the  age  of  a century.  Tliis  is  too  short  a time  for  them  indivi- 
dually to  note  the  prodigious  changes  going  on  in  the  form  and 
condition  of  the  dry  land  all  over  the  globe.  In  respect  to  the 
land,  the  same  chemical  and  mechanical  action  of  the  atmo- 
sphere,— its  rains,  winds,  heat,  and  cold, — are  wearing  down  the 
hardest  rocks  to  minute  particles  of  sand  and  mud,  which 
the  carrying  power  of  running  water  in  rivers  then  conveys  to 
the  ocean  and  there  deposits.  Such  deposit  gi-adually,  under 
the  enoiTUOus  pressure  of  deep  water  and  its  own  increase, 
hardens  into  rock,  and  is  afterwards,  chiefly  by  the  force  of  sub- 
terranean fire,  upheaved  above  the  sea  level  to  become  the  land 
of  a new  state  of  the  world.  This  land  again,  after  a time,  is 
worn  down  by  the  never-ceasing  agencies  above  mentioned,  to 
become  new  sea  bottom,  and  possibly  again,  new  land  and  moun- 
tains. 

1348.  The  fragmentary  wearing  down  everywhere  of  the 
land  thus  carried  to  the  sea  by  the  rivers  is,  although  little 
noticed  by  ordinary  observers,  of  enormous  amount.  By  taking 
from  the  centre  of  a great  river,  like  the  Ganges  or  Missis- 
sippi, a gallon  of  water,  allowing  the  mud  or  sandy  particles  to 
subside,  and  then  weighing  the  deposit,  and  afterwards,  by 
measuring  the  depth  and  width  of  the  channel,  and  the  speed 
of  the  current,  it  is  possible  to  tell  nearly  the  amoimt  of  solid 
matter  which  is  being  constantly  poured  into  the  ocean  beyond 
the  mouth  of  the  river;  and  what  is  true  of  any  particular 
river  is  true  of  all  the  streams  of  the  world.  It  is  thus  ascer- 
tained that  the  Ganges  every  year  brings  down  and  deposits  on 
the  bottom  of  the  Bay  of  Bengal  more  solid  matter  than,  if  spread 
over  the  surface  of  England,  would  be  a layer  exceeding  an 
inch  in  thickness.  Such  transported  matter  forms,  when  de- 
posited, what  are  called  the  deltas  or  level  lands,  seen  to  be 
increasing  wherever  a stream  empties  itself  into  a sea  or  a 
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lake.  Much  of  tlio  flat  land  in  Lower  Lengal  has  been  thus 
formed  by  tho  Ganges.  Nearly  500  miles  of  the  southeni 
portion  of  tho  United  States  of  America  has  thus  been  formed 
by  tlie  Mississippi.  In  the  course  of  most  gi’eat  rivers  there 
are  extensive  flat  breadths  of  land,  which  are  ascertained  to  have 
been  formerly  lakes,  gradually  filled  up  by  the  deposit  of  sand 
and  mud  brought  by  the  river  from  higher  levels.  The  courses 
of  the  llhine  and  the  Mississippi  show  many  such  levels. 

1349.  The  sand  and  mud  produced  by  the  wearing  down  of 
land,  as  above  described,  is  not  carried  to  the  ocean  floors 
unattended,  but  takes  with  it  whatever  else  falls  into  the  streams, 
and  can  be  floated  along  in  them.  Thus,  the  carcases  or 
partial  remains  of  animals  and  of  vegetable  growths  are 
carried  along  and  are  soon  buried,  to  be  so  far  preserved  in  the 
marine  deposit.  Such  skeletons,  single  bones,  teeth,  &c.,  are 
what  tell  the  tale  of  earlier  forms  of  life  on  the  planet,  and 
show  that  a gradual  change  and  succession  of  species  has 
been  going  on.  The  mammoth  Megatherion,  Ichthyosaurus, 
and  numberless  other  creatures  which  abounded  formerly,  but 
exist  now  no  more,  are  of  the  kinds  referred  to. 

1350.  The  sea  bottom  receives  not  only  what  is  brought  dosvn 
by  river  cuiTents,  but  also  a vast  amount  of  like  material  pro- 
duced by  the  ever-rolling  and  breaking  of  the  waves  on  the 
sea  shores  all  over  the  earth.  On  the  east  coast  of  England, 
for  instance,  it  is  ascertained  that  in  many  parts  more  than  a 
yard  of  cliff  or  solid  shore  is  worn  away  every  year  by  the 
waves,  to  be  spread  by  the  tides  upon  the  sea  bottom. 

1351.  It  is  to  be  remembered  also  that  the  ocean  has  its 
living  inhabitants  even  more  abundantly  than  the  dry  land,  the 
shells  and  hard  parts  of  which,  after  the  creatures  are  dead,  are 
more  enduring  than  the  bones  of  land  animals.  These  shells 
and  remains  in  many  places  have  accumulated  to  a thickness  of 
thousands  of  feet.  The  eoral  rocks,  which  form  many  islands 
in  the  Pacific  Ocean,  are  all  the  former  dwellings  and  coverings 
of  marine  creatures  secreted  from  their  bodies  and  built  up  by 
them.  The  chalk  hills  and  cliffs  of  England  and  the  west  of 
Europe,  are  almost  entirely  the  eoverings  of  other  minute  marine 
creatures. 

1352.  The  upheaving  of  the  matters  of  these  river  and  tidal 
deposits  into  land  is  a less  regular  process  than  that  of  the 
depositing. . It  occurs  often  during  earthquakes  and  other  vol- 
canic action.  In  the  year  1835,  during  the  activity  of  volcanoes 
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in  tlic  Amies,  within  a short  time  about  300  miles  of  the 
western  coast  of  South  America,  with  the  chain  of  the  Ancles 
as  part  of  the  npheavecl  mass,  was  liftcid  several  feet  liigher 
above  the  sea  level,  rendering  to  that  extent  more  shallow  all 
tlie  bays  and  harbours,  and  in  some  places  uncovering  gi-eat 
extents  of  rocky  bottom,  the  shell-fish  adhering  to  which,  during 
their  putrefaction,  produced  sickness  among  the  inhabitants 
along  the  coast.  In  many  places  on  the  sea-shores  there  is 
evidence  of  frequent  repetitions  of  such  ])artial  upheavals  of  the 
land.  The  Alps  in  Europe,  the  Andes  in  America,  and  the 
Himalayas  in  Asia,  exhibit  beds  of  enormous  thickness  of  the 
shells  of  marine  creatures,  deposited  of  old  on  sea  bottoms,  and 
now  become  the  substance  of  mountains,  thousands  of  feet 
above  the  sea  level.  In  the  British  Isles,  with  the  exception  of 
the  crystalline  mountains  of  gneiss,  granite,  &c.,  on  the  west 
coasts,  the  land  exhibits  the  structure  of  old  marine  deposit, 

1353.  Where  the  subterranean  heat  to  which  deposits  brought 
from  worn-down  land  have  been  subjected  has  been  very  great, 
the  masses  have  been  more  or  less  melted  (as  a mixture  of 
sand  and  soda  is  by  strong  heat  melted  to  form  glass),  and  so 
converted  into  the  crystalline  rocks,  as  granite,  &c.  Where  the 
heat  has  been  less  strong,  the  deposited  material  has  become 
only  mechanical  aggregates,  cohering  by  the  effects  of  the  enor- 
mous pressure  long  continued  of  superincumbent  masses  to  which 
they  have  been  subjected.  Beds  of  vegetable  matter,  when  so 
beated  and  again  cooled,  may  become  what  is  called  stone  coal 
or  anthracite  ; if  less,  or  not  at  all  heated,  they  form  the  common 
bituminous  coal,  from  which  trees  can  be  detached,  exhibiting 
completely  the  forms  they  had  when  gTovdng  on  the  surface. 

1354.  It  is  evident  from  what  has  been  said  here,  that  the 
details  of  geology  can  be  studied  only  by  persons  versed  in 
chemistry  and  biology,  or  the  natural  history  of  animals  and 
vegetables.  I have  to  leave  such  details,  therefore,  to  be  studied 
in  the  published  systems  of  chemistry  and  geology,  such  as 
the  admirable  “ Principles  of  Geology  ” of  Sir  Charles  Lyell, 
the  appearance  of  whose  book  about  tliirty  years  ago  formed 
an  epoch  in  the  science  of  geology,  as  the  discoveries  and 
writings  of  the  illustrious  Herschels,  ffxther  and  son,  have  done 
in  astronomy. 

Some  facts  described  or  referred  to  in  this  section  may  at 
first  excite  in  the  minds  of  students  wonder  and  awe ; but  con- 
tinued reflection  shows  clearly  that  all  is  the  work  of  Infinite 
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Powov  dircoted  by  boundless  wisdom  and  benevolence.  Passing 
on  from  first  impressions,  persons  rejoice  to  find  themselves  part 
of  the  glorions  creation  contemplated.  The  notion  which  had 
arisen  in  a few  minds  unfavourably  trained,  that  such  a uni- 
verse could  spring  from  blind  chance,  yields  at  once  to  the 
fuller  study.  An  esteemed  popular  author  has  said,  “An 
undevout  astronomer  is  mad.”  And  yet  astronomy  is  only 
one  part  of  the  mass  of  creation,  a part  extending  widely,  but 
perhaps  less  readily  comprehended  by  minds  of  ordinary  attain- 
ments than  narrower  portions,  such  as  the  structure  and  powers 
of  the  eye,  and  many  other  bright  revelations  of  the  divine 
attributes.  Our  honoured  Shakespere,  who  has  given  delight 
to  all  his  readers  by  clothing  in  simple  but  clear  expressions 
many  of  the  noblest  thoughts  and  feelings  of  our  nature,  has 
said  what  the  enlightened  mind  everywhere  echoes,  “ there  are 
sermons  in  stones,  and  good  in  everything.” 
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ON  THE  ART  OF  MEASURING. 


Outline. 

“ To  measure  anything  is  to  choose  some  convenient  amount  of  the 
thing  to  be  measured  as  a standard  of  comparison,  and  then 
to  find,  and  to  say,  hoiv  many  times,  or  parts  of  a time,  that 
amount  is  contained  in  the  cjuantity  about  which  there  is 
question.  Thus,  the  human  foot  is  such  a standard  of 
length,  and  the  ten  fingers  serve  as  a standard  of  reference 
for  numbers^ 

1355.  A popular  notion  exists  with  respect  to  the  Science  and 
Art  of  Measuring  (called  Mathematics,  including  Arithmetic 
and  (xeometry),  that  ordinary  minds  have  much  difficulty  to 
understand  them.  Four  doggrel  lines  repeated  among  children  at 
school,  to  account  for  their  own  tardy  progress,  is  evidence  of 
this.*  The  truth,  however,  is,  that  the  difficulty  has  arisen  more 
from  faults  in  the  modes  of  teaching  than  from  the  nature  of  the 
subject  itself.  These  faults  are  now  being  gradually  corrected 
or  avoided. 

It  had  been  remarked  that  particular  schools,  during  certain 
periods,  were  remarkable  for  training  able  mathematicians, 
while  others  as  remarkably  failed,  the  true  explanation  was,  not, 
that  more  intelligent  youths  had  been  sent  to  the  one  school 
than  to  the  other,  but  that  the  methods  of  instruction  were 
different. 

1356.  In  modern  Europe,  one  of  the  unfavourable  circum- 
stances in  regard  to  mathematical  education  has  been,  that 

* Multiplication  is  vexation, 

Division  is  as  bad, 

The  Rule  of  Three  does  puzzle  me. 

And  Fractions  drive  me  mad. 


700 


APPENDIX. 


tlie  early  boolcs  on  the  subject,  which,  owing  to  their  merit,  have 
come  down  to  late  times,  were  written  in  Greek  or  Latin,  and 
when  translated  into  modern  tongues,  were  allowed  to  retain 
many  of  the  Greek  and  Latin  terms,  instead  of  having  these 
replaced  by  equivalent  words  of  modern  tongues.  Children 
and  otheis,  theiefore,  have  had  to  learn  not  only  a new  branch 
of  science,  but  also  a considerable  amount  of  new  languages 
not  taught  by  a good  method.  The  words  of  one’s  mother 
ton^ie  give  comparatively  clear  ideas  of  things,  as  recalling 
the  individual’s  own  experience,  while  strange  words  may  produce 
indistinct  and  erroneous  conceptions  in  the  learner’s  mind  and 
prove  repulsive.  The  following  example  illustrates  this  : — 


Old  Teiitis 
little  changed. 

The  Old  Words. 

CoiTesponding  English 
Words. 

Arithmetic. 

ApiOjxos, 

Arithmos. 

Number. 

Geometry. 

VecopeTpia, 

Qeomeiria. 

Ge,  earth. 
Metron,  measure. 

Ground  measuring. 

Splicre. 

^(paipa, 

Sphaira. 

Globe  or  ball. 

Mathematics. 

Madrj(ris, 

Mathesis. 

Learning. 

Angle. 

Angulus. 

Comer,  nook. 

Triangle. 

Tres. 

Three  corners. 

Knowledge  of  modern  English  or  French  can  help  a 
student  very  little  to  understand  and  remember  the  meaning 
of  such  words  as  the  following,  which  present  themselves 
constantly  in  lessons  of  technical  mathematics : — lemma, 
scholium,  ratio,  frustum,  theorem,  scalene,  isosceles,  absciss, 
homologous,  &c. 

1357.  It  is  a striking  fact  that  the  general  business  of  mea- 
suring and  counting  the  things  in  the  world  around  men, 
has  always  and  everywhere  been  carried  on  by  reference  to 
standards  of  comjDarison,  for  size  and  number,  taken  from  man’s 
own  body. 

1358.  It  has  been  the  practice  to  take  as  the  readiest 
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general  unit  of  length,  that  of  the  human  foot,  and  for  some 
limited  purposes  also  that  of  the  hand,  the  span,  the  cubit  or 
fore-arm,  the  step,  tlie  fathom,  Witli  a unit  of  .any  known 
length,  and  the  power  of  numbering,  any  magnitude  whatever, 
can  be  measured  and  clearly  described  in  words.  A man  may 
be  six  feet  tall,  a horse  fourteen  hands  high,  a whale  100  feet 
long,  a mountain,  like  Mont  Blanc,  15,000  feet  higli.  A length 
of  a thousand  steps  is  called  a mile,  from  the  Latin  mille,  a 
thousand.  This  earth  is  8,000  miles  in  diameter ; tlie  distance  ‘ 
between  tlie  earth  and  the  sun  is  nearly  ninety-tliree  millions 
of  miles.  Then  the  dimension  of  length  can  measure  readily 
any  other  dimension,  as  of  superficial  area  or  surface  by  the 
foot-square  ; of  solid  bulk  by  the  foot-cuhe  ; and  the  weight  of 
a certain  bulk  of  water  connects  weight  with  bulk.  As  the 
length  of  the  foot  differs  a little  in  different  persons,  it  was 
necessary  to  take  an  average  length,  and  to  mark  that  on  a 
metallic  rod  or  plate,  carefully  preserved  for  public  use. 

1359.  Then  in  regard  to  number,  the  human  body  has  on 
the  hands  ten  fingers,  offering  a fixed  standard  with  which  all 
other  numbers  can  be  compared.  After  counting  up  to  ten, 
and  giving  to  each  amount  a distinct  name,  viz.,  one,  two, 
three,  &c.,  men  did  not  require  to  make  many  more  such 
distinct  names,  but  merely  joined  two  or  more  of  the  ten  first 
chosen,  to  signify  others,  naturally  shortening  somewhat  the 
compound  words  for  the  sake  of  easier  utterance.  Thus,  in  the 
English  language,  three  and  ten  are  contracted  into  thirteen  ; 
four  and  ten  into  fourteen  ; five  and  ten  into  fifteen,  and  so  forth. 
Two  tens  similarly  become  twenty  ; three  tens  thirty  ; four  tens 
forty,  and  so  on.  For  the  sake  of  clearer  distinction,  however, 
as  the  groups  beconie  much  larger,  instead  of  the  word  tenty 
for  ten  times  ten,  after  the  word  ninety  for  nine  times,  they  use 
hundred,  and  then  treat  that  as  a larger  unit;  saying,  one 
hundred,  two  hundred,  three  hundred,  &c.,  and  for  still  larger 
numbers  (still  merely  tens  multiplied),  they  use  the  words 
thousand,  million,  billion,  trillion,  &c.,  which  procedure  may  be 
carried  to  any  extent.  By  such  means  a shipload  of  peas 
might  be  counted,  and  the  sum  be  named  without  the  ei’ror 
of  a single  pea. 

1360.  Besides  having  clear  standards,  as  above  described, 
of  size  and  number,  it  is  important  that  all  persons  should 
have  familiar  accjuaiiitance  with  a few  common  shapes  of 
things,  with  which,  to  aid  conception  and  descrij)tion,  the  infinite 
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variety  of  shapes  occurring  in  nature  may  be  at  once  compared. 
Such  are — 1.  The  straight  line.  2.  The  exactly  pZane  or  flat 
surface.  3.  A square  gglane  divided  into  smaller  squares,  as  on 
a chess-board,  or  a common  multiplication  table.  4.  The 
circle  and  its  simple  divisions.  5.  Some  tigures  such  as  squares 
and  triangles,  formed  by  straight  lines  drawn  on  a i)lane. 
0.  The  globe  or  ball  with  fixed  points  and  lines  upon  it.  7.  The 
vertical  line  of  a plummet,  and  the  level  line  crossing  that. 
(Greater  detail  is  given  from  page  708  to  page  711.) 

The  members  of  any  civilized  community  accpiire  unavoid- 
ably, during  their  intercourse  with  one  another,  a considerable 
amount  of  the  knowledge  referred  to,  which  may  be  called  the 
mathematical  knowledge  of  common  experience,  although  from 
not  having  made  a formal  study  of  the  subjects  at  school,  many 
may  not  be  aware  that  they  are  in  any  degree  mathematicians. 
Thus,  everybody  knows  that  a square  has  four  equal  sides, 
joined  at  four  square  corners ; that  a circle  has  every  point  of 
its  circumference  at  the  same  distance  from  its  centre.  And 
a person  w'ould  be  deemed  of  dull  apprehension  who  could  not 
discover  when  a tree,  or  flagstaff,  or  a pillar,  did  not  stand 
nearly  upright ; or  when  a floor  was  not  level.  Much  of 
the  work  of  the  mason  and  carpenter  is  guided  by  mathematical 
rules ; and,  with  advancing  civilization,  new  trades  and  occu- 
pations among  the  labouring  classes  are  every  day  springing 
up,  as  among  railways,  steam-ships,  docks,  &c.,  which  demand 
like  scientific  knowledge. 

As,  in  dealing  with  all  the  matters  above  referred  to,  the 
process  of  numbering  or  computing  is  fundamental  and  a chief 
part  of  what  has  to  be  done,  it  is  befitting  here  to  describe  with 
some  detail  the  remarkable  progress  which  has  been  gradually 
made  in  the  art  of  numbering  or  computing. 

1361.  The  adjoining  square  plane  surface  is  minutely  sub- 
divided by  parallel  lines  drawn  directly  across  it,  at  equal 
distances,  from  side  to  side,  and  from  top  to  bottom,  into  similar 
small  squai’es  ranged  in  straight  lines.  It  manifests  very  dis- 
tinctly to  the  eye  of  the  observer,  how  the  process  of  counting 
by  tens  produces  the  important  results  obtained.  The  first  ten 
small  squares  with  dots  in  them,  from  the  corner  A,  towards  the 
opposite  corner  C,  mark  or  recall  the  ten  fingers  used  as  the 
root  of  all  that  follows.  This  number  ten  is  called  the  first 
power  of  that  standard  number  of  units.  The  row  reaches  to 
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tlie  stronger  line  drawn  fi-oin  C downwards.  The  second  row  of 
ten,  placed  also  between  the  lines  descending  from  A and  C, 
lies  immediately  below  the  first,  making  two  tens,  or  twenty 
small  squares,  occupied,  if  desired,  each  by  a single  pea.  The 
third  row  of  ten  still  farther  down,  makes  three  tens  or  thirty 
squares  ; and  the  person  counting  may  proceed  in  the  same  way 
to  the  tenth  row,  which  makes  ten  times  ten,  or  completes  a 
hundred,  called  the  second  power  of  ten,  and  also  its  square, 


because  the  ten  rows  close  together  form  a square.  If  the 
counting  then  goes  on  similarly,  towards  the  right  hand  B, 
a second  square  is  formed  between  the  lines  C and  D,  making 
two  hundreds,  and  then  a third  square  appears,  and  so  on  until 
the  broad  line  of  squares  is  formed  fi’orn  A to  near  B,  making 
ten  times  a hundred  or  one  thousand,  which  is  called  the  third 
power  of  ten  ; it  is  called  also  the  cube,  because  if  little  cubes, 
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like  common  dice,  are  placed  in  the  small  squares,  tlie  whole 
ten  hundreds,  when  laid  one  upon  another  in  succession  would 
form  a cube  (sometimes  called  a solid  square),  containing 
one  thousand  dice.  If,  however,  instead  of  jjiling  one  square 
upon  another,  the  counting  is  continued  all  in  flat  extension,  a 
second  broad  line  of  squares,  containing  a second  thousand, 
would  be  formed  below  the  first,  and  the  operation  being  con- 
tinued, a third,  fourth,  and  others  such  would  be  formed  until 
ten  thousand  were  there  spread  out.  Thus,  the  fourth  power 
of  ten  would  be  exhibited,  every  unit  being  visible  to  the  eye  at 
the  same  time,  as  shown  on  the  page,  and  the  arrangement 
would  cover  a square  surface,  of  which  the  side  line  would  con- 
tain a hundred  small  squares. 

If  ten  thousand  soldiers  were  confusedly  scattered  over  a 
plain,  a spectator  conjecturing  as  to  the  number,  might  ap- 
proximate to  the  truth,  but  if  they  were  quickly  formed 
into  ten  regiments  of  a thousand  each,  and  each  regiment  into 
ten  companies  of  a hundred  each,  and  each  company  into  ten 
smaller  equal  portions,  the  whole  aiTangement  would  be  as 
intelligible  as  is  that  of  the  small  squares  on  the  preceding  page. 

Familiarity  ^vith  the  crossed  square  above  shoAvn,  gives  to 
the  student  a clear  percejption  of  important  relations  among 
orders  of  numbers,  and  among  amounts  of  number  as  treated  of 
ill  arithmetic,  and  among  extents  of  surface  and  bulk,  as 
treated  of  in  geometry. 

1362.  This  square  figure,  however,  still  left  a great  desidera- 
tum to  be  supplied,  to  facilitate  the  operations  of  counting  and 
computing,  namely,  a system  of  significant  marks  to  be  used  in 
writing.  It  was  a very  simple  or  obvious  expedient  in  buying 
and  selling  to  make  a stroke,  Avith  chalk  or  with  ink,  on  any  fiat 
surface,  for  every  bushel  of  corn,  or  measure  of  liquid,  Avhich 
liad  to  appear  in  the  account  rendered,  and  accordingly  it  Avas 
common  thus  to  make  such  strokes,  one  for  each 
m Ittl  measure,  and  Avhen  four  had  been  made,  a fiftli 
crossing  them  Avould  mark  five,  and  two  fives 
Avould  indicate  the  standard  number  ten — and  such  marks 
might  be  repeated  to  any  extent.  Auotlier  ancient  scheme 
of  marking  Avas,  instead  of  making  lines,  to  cut  notches  on  the 
edge  of  a stick. 

1303.  The  Romans  used  letters  of  their  alphabet  to  signify 
numbers.  Single  strokes  stood  for  units,  the  letter  Y for  live, 
X for  ten,  C for  a hundred,  M for  a thousand,  and  so  forth, 
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as  is  still  to  be  seen  on  the  title-pages  of  books,  to  mark  the 
year  of  publication.  For  instance,  MDCCCLXV  signifies  18G5. 
But  evidently  computation  made  with  such  marks  was  labori- 
ous and  tedious.  A truly  admirable  system  had  long  been 
devised,  but  was  not  known  in  Europe.  It  is  now  in  common 
use  over  the  civilized  world.  The  marks  used  were  for  a con- 
siderable time  called  in  Europe  the  Arabic  ciphers,  because  they 
came  hither  through  commerce  with  the  Arabs,  but  they  were 
eventually  ascertained  to  have  come  from  farther  East,  probably 
from  Hindustan. 

These  Indian  ciphers,  until  explained,  might  appear  only 
chauce  forms,  like  some  of  the  alphabets  of  sound  recently 
proposed,  but  they  really  constitute  one  of  the  most  ingenious 
devices  of  the  human  intellect,  without  which  many  of  the  arts 
of  modern  civilization,  such  as  the  use  of  logarithms  in  astro- 
nomical and  other  calculations,  would  not  yet  have  existed. 

13G4.  They  seem  to  have  originated  as  follows  : — ten  similar 
short  pieces  of  wood  being  prepared,  one  of  these  laid  down  on 
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a table,  as  shown  in  the  engraving,  marks  or  signifies  the 
number  one.  Two  of  them  laid  horizontally,  as  shown,  mark 
two ; three  such  mark  three ; four  placed,  as  in  the  peculiar 
position  here  shown,  mark  four ; five  of  them  with  ends  joined, 
as  shown,  mark  five,  and  so  on  to  the  end.  These  characters, 
when  formed  quickly  with  pen  or  pencil  on  paper,  take  the 
rounded  form  shown  in  the  second  line,  as  they  are  now  com- 
monly written.  It  is  to  be  remarked  that  the  figure  5,  if 
written  very  quickly  or  in  running  hand,  would  become  more 
and  more  nearly  as  it  is  shown  here  between  the  lines,  like 
the  waved  Italic  letter  S,  or  even  would  be  only  a slanting 
straight  line,  beginning  high  on  the  right  hand,  and  ending  low 
on  the  left.  So  the  cipher  for  7,  taking  the  long  slanting  line 
to  signify  5,  with  two  strokes  added  means  7,  and  the  cipher  9 
appears  as  the  slanting  line  5,  added  to  the  four  short  lines, 
meaning  4,  converted  into  a circle.  Tlie  last  cipher  0,  origin- 
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ally  made  by  four  lines,  has  no  signification  when  standing  by 
itself,  bnt  when  added  to,  or  intermixed  with  other  ciphers, 
changes  very  much  their  import,  as  now  to  be  explained. 

The  ciphers  standing  singly  mean  the  sum  indicated  by  the 
number  of  short  pieces  of  wood,  or  elementary  strokes,  united 
to  form  them,  as  shown  in  the  upper  line,  but  if  two  or  more 
ciphers  are  placed  together  as  in  the  written  expression  for  the 
current  year,  1865,  while  the  cipher  on  the  extreme  right 
indicates  units,  and  therefore  five,  the  one  next  to  it  towards 
the  left,  means  tens  (here  six  tens  or  60),  the  third  means 
hundreds  (here  800),  and  the  fourth  on  the  left  means  thousands 
(here  1000),  and  the  whole  expression  is  read.  One  thousand 
eight  hundred  and  sixty-five. 

1365.  Nothing  can  exceed  the  simplicity  with  which  the  arith- 
metical operations  of  addition,  subtraction,  multiplication,  and 
division  are  performed  with  the  aid  of  these  ciphers.  To  ad- 
vance however  in  this  direction  would  be  to  write  a treatise  on 
arithmetic,  which  is  not  the  purpose  of  the  book.  The  following 
simple  cases  will  recall  the  meaning  of  the  terms  : — 

Addition  of  Fifty. 

The  present  year  being . 1865 

In  fifty  years 50 

The  current  year  will  be,  ....  1915 

Subtraction  of  a Hundred  and  Seventy-seven. 

The  present  year  being 1865 

A hundred  and  seventy-seven  years  ago  ....  177 

The  year  was 1688 

Multiplication  by  I'our. 

A ship’s  crew  having  two  hundred  and  sixty -two  men  262 

Four  such  ships  so  manned 4 

Would  contain 1048 

Division  by  Six. 

A charity  of  forty-two  pounds  divided  between  six 

poor  people 6)42 

Gives  to  each  seven  pounds  ....  7 

1366.  Besides  the  ten  precious  ciphers  described  above, 
which  so  remarkably  abridge  the  labours  of  computation,  there 
is  what  may  be  called  an  arithmetical  short-hand,  which  still 
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farther  abridges  sucli  labours.  Being  valuable  and  easily 
learned,  all  persons  who  have  to  calculate  should  know  it, 
yet  few  do,  from  the  erroneous  notion  that  it  is  a difficult  algebra. 
It  consists  of  ten  signs  which  are  here  exemplified  in  use. 


No. 

The  Signs. 

Their  Meaning. 

Examples. 

1 

+ 

Addition  

Thus  8-1-4  signifies 

12 

2 

Subtraction  

8 - 

4 

4 

3 

X 

Multiplication 

8 X 

4 „ 

32 

4 

Division  

8 

2 

5 

= 

Equality  

55 

4 

8 -f- 

4 

12 

6 

4* 

( Second  power,  or  square  1 
1 of  the  number  marked  j 

55 

42 

signifies 

16 

7 

43 

( Thu'd  power,  or  cubo  of  1 
1 the  number  j 

55 

43 

55 

64 

8 

Square  root  

55 

■s/Te 

55 

4 

9 

Cube  root 

55 

55 

4 

10 

• • • • 

Proportion*  

3 : 4 

: ! 12  • 16 

* Proportion  is  thus  expressed  in  words  aud  in  ciphers : — 

As  the  number  three  is  to  four  so  is  the  number  twelve  to  sixteen. 

Or,  as  3 : 4 : : 12  ; 16. 

This  form  is  familiarly  known  as  being  that  of  the  Rule  of  Three,  called, 
from  its  extensive  utility,  “ the  Golden  Rule.”  If  any  numbers  are  taken, 
as  here  3 and  4,  whatever  relation  (as  part  or  multiple)  the  first  has  to  the 
second,  the  same  relation  the  third  has  to  the  fourth  ; and  if  any  three  are  given 
and  placed  in  the  order  here  shown,  the  fourth  proportional  can  be  found  by 
multiplying  the  second  and  third  together,  and  dividing  the  product  by  the  first. 

Every  schoolboy  knows  the  Rule,  and  readily  applies  it,  but  often  without 
perceiving  why  it  must  give  true  answers.  Students,  by  joining  the  idea  of 
some  objects  to  that  of  the  abstract  numbers,  often  obtain  a clearer  concep- 
tion, thus : — As  3 shillings  are  to  4 shillings  so  are  a dozen  times  3 shillings 
(namel}’-,  36)  to  a dozen  times  4 (namely,  48),  and  so  must  be  the  third  part  of 
36  (viz.,  12)  to  the  third  part  of  48  (viz.,  16).  The  ciphering  stands  thus  : — 

3 : 4 : : 12  : 16 
4 


3)  48  (16 

The  case  can  be  clearly  stated  also  in  the  form  of  a fraction,  as  I The  rela- 
tion of  one  number  to  another  is  clearly  seen  by  supposing  an  object  or  quantity 

2 z 2 
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13G7,  That  persons  generally,  in  a civilized  community, 
unavoidably  acquire  a certain  amount  of  knowledge  of  the  mathe- 
matical subjects  enumerated  in  Art.  1360,  and  that  they  believe 
other  people  to  possess  nearly  the  same  knowledge  is  proved  by 
the  manner  in  which  persons  remark  upon  or  describe  a new  or 
strange  object  presented  to  them.  They  will  say,  for  instance ; — 


No.  1. 

Of  a line — that  it  is  or  is 

not — quite  straight. 

„ 2. 

n 

plane 

quite  flat. 

„ 3. 

chess-board 

uniformly  divided. 

„ L 

» 

circle 

truly  round. 

» 5. 

square 

with  equal  sides  and  square  comers. 

» 6. 

globular  object 

a perfect  ball. 

» 7. 

5> 

tree  or  pillar 

quite  upright. 

And  they  would  not  use  such  terms  if  they  did  not  believe  the 
listeners  able  to  understand  them. 

These  objects,  more  fully  described,  are 

No.  1,  the  straight  line.  It  is  seen  in  a thi-ead,  by  which 
a weight  is  suspended,  as  in  the  string  of  a plummet,  or  in  the 
edge  of  a flat  solid  ruler,  called  a straight-edge,  which  ruler 
is  formed  to  coincide  with  such  string.  It  is  seen  also,  nearly 
perfect,  in  any  stretched  cord,  as  the  string  of  a musical  instru- 
ment, or  the  line  used  by  masons  in  building  straight  walls, 
and  by  gardeners  in  forming  borders  of  flower-beds.  Light 
moyes  in  straight  lines,  and  enables  Y>m’sons  by  the  eye  to  place 
objects  in  straight  rows. 

No.  2,  a ^perfectly  plane,  or  flat  surface,  is  that  which,  when  a 
straight  line  or  edge  is  applied  to  it  in  any  direction,  so  as 
to  touch  it  at  any  two  points,  it  similarly  touches  it  at  all  points, 
between  these  two.  It  is  seen  perfect  in  the  surfaces  or  faces  of 
natural  crystals,  and  nearly  perfect  in  the  surface  of  tranquil 
water,  or  of  ice  formed  upon  that,  and  in  plane  mirrors.  Two 
polished  surfaces  of  plate-glass  applied  closely  to  each  other, 
sometimes  cohere  so  strongly  as  not  to  be  separable  without 
fracture,  proving  the  general  contact. 


to  be  divided  into  a certain  number  of  [jarts  (as  here  into  four),  of  whicb  a 
portion  (here  three)  are  taken,  and  the  act  is  thus  expressed,  By  then  multi- 
plying the  third  new  number  12  by  4,  to  show  how  many  fourths  are  in  the 
12  wholes  (viz.,  48),  and  by  dividing  that  product  by  3,  to  show  how  often 
3 fourths  are  found  in  48  fourths  (viz.,  16  times)  the  answer  is  obtained. 

It  is  evident  that  any  fraction,  as  of  which  the  tenns  are  either  both 
multiplied  or  both  divided  by  the  same  number,  remains  of  the  same  value,  as  | 
thus  multiplied  by  6 gives  and  that  divided  by  3 gives  |,  which  divided 
by  4 gives  ' . 
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No.  3,  two  straight  lines  may  be  drawn  on  a plane  surface, 
to  cross  each  other  in  such  manner,  as  to  form,  where  they 
meet,  four  equal  square  corners,  or  angles,  called  right  angles. 
Otlier  lines  may  then  be  di-awn  on  the  plane,  parallel  to  tliese, 
at  equal  distances,  so  as  to  divide  the  whole  surface  into  a 
multitude  of  small  equal  squares  (see  page  703),  like  those  of  a 
chess-board,  or  of  the  common  multiplication  table.  This 
large  crossed  square  can  then  serve  as  an  accurate  measure  for 
many  purposes.  One  purpose  is  to  aid  the  processes  of  number- 
ing, as  already  described. 

No.  4,  a circle,  is  a curved  line,  A L M T,  drawn  round  a 
central  point  C,  on  a plane  surface,  from  which  centre  every  part 


of  the  curve  is  at  exactly  the  same  distance.  The  bent  line  is 
called  the  circumference.  A straight  line  drawn  from  any 
point  of  the  circumference,  as  A,  through  the  centre  (C)  to  the 
opposite  side  of  the  figure  M,  is  called  a diameter.  The  half 
of  such  line,  as  from  A to  C,  or  L to  C,  is  called  a radius  (the 
Latin  word  for  a spoke ; because  it  resembles  the  spoke  of  a 
wheel).  The  circumference  for  any  purpose  may  be  divided 
into  any  number  of  equal  parts.  Thus,  the  dial  or  face  of  a 
clock,  has  on  it  twelve  divisions  for  the  hours,  and  sixty  for  the 
minutes.  For  general  purposes  it  is  usual  to  divide  circles  into 
three  hundred  and  sixty  parts  called  degrees  (thus  written  360°). 

If  two  lines  are  drawn  from  any  points  in  the  circumference 
of  a circle,  as  E and  L,  simply  to  meet  or  to  cross  each  other  at 
its  centre  C,  they  form,  where  they  meet,  a corner,  called  an 
angle,  which  is  large  or  small,  according  to  the  portion  of  the 
circumference  lying  between  the  points,  which  portion  of  the 
circle  is  then  said  to  subtend  or  measure  the  angle.  If  the 
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whole  circle  he  divided  into  300°,  the  quarter  circle  A L has  90°, 
forming  what  is  called  a right  angle,  or  square  corner,  and  the 
half  of  that,  or  the  angle  E C L,  has  45°,  a magnitude  often  named 
as  indicating  the  line  C E,  half  way  between  the  direct  upright, 
or  vertical  line,  C A,  and  the  level  or  horizontal  line,  C L. 

It  is  evident  that  the  sum  of  all  the  angles  which  can  be 
formed  at  the  same  point,  on  one  side  of  a straight  line,  asT  C L, 
must  be  two  right  angles,  or  equal  to  two  right  angles.  An 
angle  larger  than  a right  angle,  as  T C E,  is  called  a blunt  or 
obtuse  angle ; one  smaller  than  a right  angle,  as  A C E,  or 
E C L,  is  called  a sharp  or  acute  angle.  The  line  A B,  at  right 
angles  to  the  radius  0 A,  and  just  touching  the  circle  at  A, 
is  called  the  tangent,  or  touching  line,  to  the  circle  at  A,  for 
the  angle  of  45°,  A C B ; and  the  line  C B,  cutting  the  circle 
at  E,  to  reach  the  tangent  at  B,  is  called  the  secant  (secare,  to 
cut)  of  the  angle  A C B.  The  longer  lines  A V and  A D 
are  the  tangents  of  the  larger  angles  A C V and  A C D,  and 
the  lines  C V and  C D,  are  the  corresponding  secants.  The 
line  E E,  drawn  from  the  cutting  point  E,  perpendicular  to  the 
radius  C L,  is  called  the  sine  of  the  angle  E C L,  as  B L is 
the  sine  of  the  same  angle  in  a circle  of  larger  radius  C B, 
or  C W. 

No.  5,  lines  about  a circle.  By  drawing  a circle  on  the 
crossed  square,  from  the  meeting  of  any  two  lines  as  its  centre, 
portions  of  the  crossing  lines  instantly  become  the  radius,  sine 
and  tangent,  of  any  angles  formed  by  oblique  lines  dra^vn 
to  the  centre ; and  the  relations  of  these  lines  to  one  another, 
and  to  the  size  of  the  angle  concerned,  are  at  once  evident, 
and  can  be  measured,  as  is  shown  by  the  figures  indicated 
in  stronger  lines  on  the  crossed  square.  The  various  above- 
named  lines  about  a circle  have  the  same  relations  or  proportions 
among  themselves  whatever  the  size  of  the  circle  be,  so  that 
any  one  and  its  name,  for  a given  circle,  being  known,  all 
are  known. 

No.  6,  the  globe  or  sphere,  is  a sohd  form,  such  that  every 
point  on  its  surface  is  at  the  same  distance  from  its  centre.  It 
is  seen  nearly  perfect  in  a truly-turned  billiard-ball,  in  soap- 
bubbles,  in  many  fruits,  and  in  grains  of  sportsmen’s  shot-lead, 
which,  in  the  molten  or  fluid  condition,  is  rained  down  in  drops 
from  a height,  and  becomes  solid  by  cooling  as  it  descends. 
This  earth  and  all  the  heavenly  bodies  approach  in  form  to 
the  sphere,  obeying  the  law  of  universal  mutual  attraction. 
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of  the  constituent  parts.  They  deviate  from  the  perfect 
sphere  only  because  of  the  centrifugal  force  of  the  substance 
in  rotation  near  their  equator.  The  lulls,  and  hollows,  and 
sea-bottoms,  on  the  surface  of  the  earth 
are  very  inconsiderable  deviations  in  propor- 
tion to  its  vast  size. 

The  adjoining  figure  represents  a globe 
outlined  by  circles  of  wire,  as  bird-cages 
are.  These  chcles,  all  meeting  and  cross- 
ing at  two  opposite  points,  called  the  poles, 
cause  the  spaces  between  them  to  widen 
gi-adually  from  the  poles  towards  the 
middle  circle  between  the  poles,  called 
the  equator.  These  circles  on  the  earth 
are  called  meridians  or  circles  of  longitude,  and  the  circles 
crossing  them,  and  keeping  them  at  fixed  distances,  are 
called  circles  of  latitude.  By  numbering  the  two  sets  of 
cu’cles,  and  dividing  them  into  equal  parts,  every  spot  on 
earth  has  its  distinguishing  longitude  and  latitude.  The  rea- 
son is  here  apparent,  of  Avhy  the  degrees  of  latitude  are 
shorter  as  they  are  nearer  to  the  poles,  and 
why  the  shortest  way  between  places  directly 
east  or  west  of  one  another,  in  high  northern 
or  southern  latitudes,  is  not  in  lines  of 
• latitude,  Avhich  are  parts  of  small  circles,  but 
in  parts  of  a great  circle  of  the  globe.  This 
second  figure  shows  the  earth  as  it  would  be 
seen  by  a spectator  far  from  it,  looking  di- 
rectly in  the  line  of  the  axis,  towards  one  of 
the  poles. 

No.  7,  the  plummet,  is  a ball  of  lead  sus- 
pended by  a thread,  of  which  the  direction  points  always  to- 
wards the  centre  of  the  earth,  as  explained  in  Art.  156.  It  is 
a device  of  the  highest  utility  to  men  for  innumerable  purposes. 
The  mason  can  scarcely  place  a stone  aright  in  a building 
without  its  aid.  It  tells  everywhere  the  direction  of  a level  line, 
that  being  always  directly  across  the  vertical.  A single  obser- 
vation, made  with  the  aid  of  a plummet,  of  the  sun’s  aj)parent 
height  at  noon,  tells  the  latitude  of  the  place.  In  ships  on  the 
moving  waves,  the  plummet  cannot,  of  course,  be  used,  but  the 
nearly  level  sea-horizon  can  then  serve  in  its  stead. 

There  are  a few  truths  connected  with  the  matters  treated  of 
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ill  the  lust  four  pages,  which  are  far  from  being  sell-evident,  and 
respecting  which  the  student  should  be  early  informed. 


A 


1368.  (a)  The  relations  between  lines,  surfaces,  and  solid  hulks. 
— If  the  length  of  a line,  as  the  upper  dark  half  of  the  line  A 
(1^  of  an  inch),  be  doubled  or  tripled,  the  line  is  just  twice  or 
three  times  as  long,  as  indicated  by  the  dotted  part  added  to  the 
dark  line  A. 

But  if  the  side  of  a square  surface  be  doubled,  the  square 
area  becomes  not  twice,  but  four  times  as  great,  as  seen  in  fig. 
B.  If  the  line  be  tripled,  it  has  not  three  times  the  area,  but 
nine  times,  as  shown  in  the  near  face  of  the  solid,  D. 

If  the  side  of  a cube  be  doubled,  as  shown  at  C,  the  bulk  of 
the  solid  is  not  doubled,  but  made  eight  times  as  great.  If  the 
side  be  tripled,  the  bulk  is  made  not  three  times,  but  twenty- 
seven  times  as  great,  as  may  be  counted  in  figure  D,  or  as  is 
proved  by  putting  common  dice  together,  to  complete  a solid 
mass. — Thus,  the  simple  line  multiplied  increases  as : — 1,  2,  3, 
4, 5,  &c. ; the  area  or  surface  increases  as — 1,  4,  9,  16,  25,  called 
the  squares ; the  solid  bulk  or  cube  increases  as — 8,  27,  64,  125. 
The  explanation  of  solid  increase  is  instanced  here  by  supposing 
the  shape  to  be  cubical,  as  of  dice  heaped,  but  the  same  propor- 
tion is  maintained  between  like  solids  of  any  shape.  Thus  if 
the  moon  had  just  one  fourth  of  the  diameter  of  the  earth,  it 
would  be  a sixty-fourth  part  as  large.  The  planet  J upiter  has 
only  ten  times  the  diameter  of  the  earth,  but  has  a thousand 
times  greater  bulk.  The  Great  Eastern  steamship  is  only 
about  three  times  as  long,  and  broad,  and  deep,  as  som6  of  the 
huge  ships  of  war,  but  can  carry  twenty-seven  times  as  great 
a load,  or  has  about  twenty-seven  times  the  capacity. 

1369.  An  amusing  instance  of  error 
fallen  into  with  regard  to  the  rela- 
tions of  dimensions  here  considered, 
occurred  some  time  ago,  when  a com- 
pany supplying  a city  with  water,  had 
bargained  to  pay  200Z.  a year  to  the  proprietors  of  a mill- 
stream,  for  the  quantity  of  water  which  could  pass  through  a 
|)ipe  of  nine  inches  diameter,  under  a given  pressm-e.  After 
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a time  the  company  wanted  more  water,  and  they  agreed  to 
double  the  payment  ibr  a second  pipe  of  the  same  size,  'fhe  first 
pipe  appearing  decayed,  permission  was  asked  to  have,  instead 
of  the  two  pipes,  one  pipe  of  double  diameter.  This  request 
being  granted,  four  times  as  much  water  was  obtained  for  only 
double  the  price.  There  are  peculiar  relations  between  the  ca- 
pacity of  forms  that  are  unlike  each  other.  For  instance,  the  coni- 
cal wine-glass,  shown  here,  holds  only  one  third  part  as  much  as 
the  cylindrical  glass  beside  it,  and  a ball  which  can  just  fit 
a certain  cylinder  has  exactly  two- 
thirds  of  the  bulk  of  the  cylinder. 

1370.  (&)  In  all  triangles,  whatever 
their  shape,  the  sum  of  the  three  angles  is 
fist  equal  to  two  right  angles  or  square 
corners  (page  058).  So,  if  any  two  of  the  angles  are  known,  the 
third  also  becomes  known.  The  proof  is  as  follows ; — Let  ah  che 
any  triangle,  of  which  the  side  & c is  prolonged  to  e.  The  two 
angles  on  the  two  sides  of  the 
line  a,  c,  must  be  either  two 
right  angles,  or  equal  to  two 
riirht  angles.  If  the  line  d c 
(here  dotted)  is  drawn  parallel 
to  a h,  it  makes  three  angles  at 
G,  still  equal  to  two  right  angles.  Now  these  three  angles  must 
always  be  exact  counterparts  of  the  three  angles  of  the  triangle ; 
for  the  angle  a c h is  actually  one  of  both  sets,  and  then  the 
angle  ah  c (marked  here  by  a small  cross)  will  always  be  equal 
to  the  angle  dee  (also  marked  by  a small  cross),  because  on 
the  corresponding  side  of  the  line  d e,  parallel  to  ah ; and  the 
angle  a must  be  always  equal  to  the  angle  a c d,  because  they 
are  on  alternate  sides  of  the  line  a c between  parallels. 

1371.  (c)  A triangle  consists  of  three  sides,  and  three  angles, 
and  if  three  of  these  six  particulars  are  known,  one  of  the 
three  being  a side,  all  the  others  are  found  by  easy  calculations. 
Tims  the  moon  may  be  considered  to  be  at  the  distant  angle  of 
a triangle,  having  for  its  base  the  known  distance  of  the  observa- 
tories of  Greenwich  and  the  Cape  of  Good  Hope,  and  for  its 
other  sides  having  rays  of  light  from  the  moon  to  the  observa- 
tories. The  angles  formed  between  these  rays,  and  the  base 
line  of  distance  can  be  measured,  and,  with  the  known  length 
of  the  base,  complete  the  three  things  necessary  to  be  known  to 
discover  the  length  of  the  sides  or  the  distance  towards  the  moon. 
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Tliat  distance  is  found  by  computation,  as  described  at  Art. 
1270.  The  third  angle  of  the  triangle  is  tliat  at  the  moon,  and 
is  called  the  angle  of  parallax,  explained  at  i\.rt.  1272. 

It  is  evident  that  the  distance  of  any  unapproached  object,  as 
a rock  in  the  sea,  visible  from  the  land,  or  a flagstaff  on  a distant 
hill-top,  can  be  found  in  this  way,  and  roughly  measured  on  a 
drawing  made  on  a crossed  plane  (page  703) ; and  what  can 
be  roughly  so  di-awn  can  be  exactly  computed.  It  is  clear  that 
in  any  case,  if  a distance  of  known  length  be  used  as  the  base 
line  of  a triangle,  and  the  angles  formed  at  the  two  extremities 
of  that  base  are  known,  the  lines  making  these  angles  with  the 
base,  if  prolonged,  can  meet  only  in  one  point,  the  position  and 
length  of  which  can  therefore  be  exhibited  on  a drawing. 

1372.  {d)  If  between  any  two  parallel  lines,  as  a f,  and 
c h,  any  parallelograms  are  formed,  ns  a h d c and  e f d,  c 
on  the  same  or  equal  bases,  they  are  perfectly  equal  in  size  or 


a,  J)  3 e J 


area,  however  much  they  differ  in  obliquity,  as  mh  g c d,  or 
e f d c.  A simple  illustration  and  proof  of  this  is  offered  by 
heaping  up  playing  cards  in  a mass,  to  fill  and  occupy  with 
their  ends  the  space  a h c d.  By  then  placing  a straight 
board  in  the  slanting  position,  g d,  and  pressing  the  cards 
towards  the  board  to  lean  against  it,  the  same  ends  will  occupy 
with  their  edges  the  oblique  space  h g e d,  with  exactly  the 
same  amount  of  surface  exposed  towards  the  sj)ectator,  as 
when  resting  directly  over  one  another  in  the  space  a h c d. 
The  same  would  still  remain  true,  if  the  inclined  board  occupied 
the  position  f d,  and  the  oblique  parallelogram  were  therefore 
e e d f.  Then  the  parallelograms  being  equal,  then-  halves, 
namely,  the  triangles,  h c d and  fed,  would  also  be  equal. 

1373.  The  fact  thus  described  furnishes  the  proof  of  the 
famous  forty-seventh  proposition  of  the  first  book  of  Euclid’s 
Elements,  said  to  have  been  discovered  by  Pythagoras,  and  in 
thankfulness  for  the  discovery  of  which,  he  is  said  to  have 
caused  a hecatomb  (a  hundred  oxen)  to  be  sacrificed  to  the  gods. 

The  truth  proved  in  that  demonstration  is,  that  if,  on  any 
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triangle,  as  A B C,  having  in  it  a right  angle,  as  A,  squares 
are  drawn  on  the  three  sides,  as  here  shown,  the  square  on  the 
largest  side,  B C,  is  exactly  equal  to  the  two  squares  on  the  smaller 
sides,  B A and  A C. 


The  proof  is  obtained  by  drawing,  first,  the  line  A L from 
the  right  angle  to  L in  the  base  of  the  greatest  square, 
parallel  to  the  sides  C E and  B D,  and  then  the  four  oblique 
dotted  lines,  which  complete  two  pairs  of  equal  triangles. 
Then  as  F B and  G C are  two  lines  parallel  to  each  other, 
being,  in  part,  sides  of  the  same  square,  G F B A,  the  triangle 
F B C is  equal  to  half  the  square  or  parallelogram  G F B A 
resting  on  the  same  base,  and  between  the  same  parallels; 
and,  again,  the  triangle  A B D,  lying  between  the  parallels 
B D and  A L,  is  half  of  the  parallelogram  BILE,  which 
is  one  division  of  the  large  square  BODE.  Now  the  two 
ti-iangles  named  are  equal  to  one  another,  for  both  consist  of 
a side  of  the  large  square  and  a side  of  the  smaller,  and  have  the 
same-sized  obtuse  angle  between  them,  made  up  of  a square 
angle,  and  the  angle  ABC.  Thus,  the  halves  of  the  square 
G A B F and  of  the  parallelogram  BILE  being  equal, 
the  whole  square  is  equal  to  the  whole  parallelogram — part  of 
the  large  square  B CEE.  In  exactly  the  same  way,  the 
small  square  A H K C is  proved  to  be  equal  to  the  remaining 
portion  or  division  I C E L of  the  large  square,  and,  therefore, 
the  two  smaller  squares  formed  on  the  small  sides  of  the  right- 
angled  triangle  are,  in  all  cases,  equal  to  the  one  large  square 
formed  on  the  long  side,  which  was  the  thing  to  be  proved. 

If  this  explanation  be  comprehended  by  the  young  reader, 
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there  will  be  the  satisfaction  of  thinking  that  what  was  once 
deemed  a mathematical  difficulty  has  been  overcome. 

1374.  This  figure,  used  also  at  page  G3,  to  explain  the 
laws  of  falling  bodies,  serves  well  to  show  some  relations  of 
arithmetic  to  geometry.  It  is  a picture  to  the  eye  of  the 

phenomenon,  exhibiting  the  relation  at  every 
instant,  between,  first,  the  time  of  the  fall ; 
second,  the  velocity  acquired ; and  third,  the 
amount  of  fall.  The  perpendicular  line  a 4 
represents  the  time  of  fall,  and  it  may  be 
divided  into  any  number  of  parts  or  instants ; 
the  first  division  here  a 1 represents  one  second 
of  time.  The  horizontal  lines  across,  from 
the  line  a 4 to  the  oblique  line  a e,  represent  the  velocity 
uniformly  increasing  every  instant:  at  the  end  of  the  first 
second  it  has  already  attained  the  rate  of  32  feet  per  second. 
The  amount  of  triangular  space  or  area  between  the  lines  a 
4 and  a e,  and  any  one  of  the  horizontal  lines,  is  the  measure 
of  the  amount  of  fall,  or  of  the  course  passed  through,  up  to  the 
instant  of  time  corresponding  to  that  velocity : the  area  of  the 
first  small  triangle  here,  a 1 h,  belonging  to  the  first  second 
of  time,  indicates  16  feet  of  fall  at  the  end  of  the  first  second.  If 
the  question  be  put.  What  is  the  velocity  and  what  the  journey 
performed  at  the  instant  marked  3 on  the  line  of  time?  one  has 
only  to  observe  that  the  time  is  three  seconds,  the  velocity  96 
feet  per  second,  and  the  space  passed  through  nine  times  six- 
teen, or  144  feet. 

1375.  Algebraical  Formidse  is  the  name  given  to  the  precise 
technical  expressions  for  the  relations  of  quantity  among  the 
objects  and  phenomena  of  nature,  formed  by  the  signs  described 
at  page  709,  under  the  head  of  Arithmetical  Shorthand.  It  would 
be  to  depart  from  the  plan  of  simplicity  adopted  in  this  work, 
to  enter  fully  into  the  explanation  of  these ; but  a student  who 
has  forgotten  his  school-lessons  of  vulgar  fractions  will  do  wisely 
to  review  them  with  the  aid  of  a teacher.  The  laws  of  force 
and  motion,  stated  in  this  work  in  common  language,  can  be 
very  readily  translated  into  the  formulge. 

A treatise  on  Arithmetic  adapted  to  the  purpose  of  giving 
command  over  the  formulm  might  be  very  short.  If  a desire 
be  expressed  to  have  such  an  abridgment,  the  author  will  pub- 
lish one  separately,  as  a key  to  certain  questions  in  Natural 
Philosophy. 
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Expansive  force  of  heat,  485. 

Eye,  527,  599. 

„ perfection  of  structure,  599. 
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Hail,  680. 
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Heart,  force  of,  354,  359. 

Heat,  mechanical  force  of,  432,  485, 
406. 

„ latent,  449  ; specific,  436. 

„ transferrer,  423. 

Herschel,  689. 

„ telescope,  596. 

Horizon,  667. 

Hot  blast,  478. 

Hydraulic  press,  Bramah’s,  164. 
Hydraulics,  288. 

Hydrostatic  or  floating  bed,  362, 

„ balance,  186. 

„ paradox,  164. 

„ press;  164. 

Hygrometer,  268. 

Ice  floats,  190,  201. 


Inclined  plane,  59. 

Inertia,  36. 

Insulation,  electrical,  608. 

Intermitting  springs,  231 . 

Iron,  496. 

Jar,  electrical,  615. 

Jet  of  water,  211,  216,  289. 

Jupiter,  685. 

Kaleidoscope,  589. 

Kite-flying,  316. 

Lakes,  176 

Land  and  sea  breezes,  281. 

Language,  vi.,  375. 

Leap  year,  692. 

Lenses,  519. 

Level  surface  of  fluid,  169. 

Lever,  103,  105,  107. 

Levigation,  307. 

Leyden  jar,  615. 

Life,  xvi.,  393. 

Light,  498. 

„ of  moon  is  only  reflection  of 
sun’s  light,  675. 

„ reflection  of,  586. 

„ refraction  of,  508. 

„ velocity  of,  503. 

Lightning,  617. 

Lime,  478. 

Loadstone,  632. 

Long  sight  and  short  sight,  534, 535. 
Looking-glass,  587. 

Machine,  Atwood’s,  65. 

Magic  lantern,  526. 

Magnetism,  632. 

Magnifying  power  of  telescope,  582. 

„ „ microscope,  585. 

Malleable,  21. 

Mathematics,  popular,  xxi.,  699. 
Measuring,  690. 

Mechanic  powers,  101. 

Melody,  331. 

Menai  Bridge,  33. 

Milky  Way,  690. 

Microscope,  584. 

Minuteness,  8. 

Mirror,  concave  and  convex,  594. 
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Mirror,  power  of  an  internal  pos- 
terior surface,  590. 

Momentum,  53. 

Monsoons,  282. 

Motion,  35,  53  ; accelerated,  G2  ; re- 
tarded, 65. 

Multiplying-glass,  513. 

Musical  ear,  336. 

„ glasses,  336. 

,,  relations  of  musical  tones,  327. 
„ string,  323. 

New  devices,  360,  369,  494,  493,  423, 
425,  383,  &c. 

Needle,  magnetic,  635. 

Neptune,  685. 

Night-glass,  or  telescope,  584. 
Nitrogen,  287. 

Oblique  pressure,  309. 

„ „ on  sails  and  rud- 

der, 310. 

Obliquity  of  the  ecliptic,  673. 
Occultation  of  heavenly  body,  682. 
Orbit,  672. 

„ oval,  672. 

Oscillation,  66. 

Oxygen,  286. 

Panorama,  574  ; cosmorama  and  dio- 
rama, 577. 

Paper  kite,  316. 

Paradox,  hydrostatic,  164. 

Parallax,  659. 

Parallelism  of  earth’s  axis,  673. 
Parallel  motion  in  steam-engine, 
259. 

Parallelogram  of  forces,  55. 

Pendulum,  66. 

„ Foucault’s,  669. 
Perspective,  541. 

Phases  of  moon  and  Venus,  675. 
Photography,  521. 

Physics,  xiv.,  xxii.,  xxiv. 

Pictures,  541. 

Pitch  of  sound,  327. 

Planets,  table  of,  681. 

Plummet,  57,  711. 

Pneumatic  trough,  284. 

Poles,  664,  667. 


Pores,  25. 

Powers,  mechanical,  102. 

„ of  numbers,  702. 

Progress  of  civilization,  vii.,  604. 
Projectiles,  72. 

Pulley,  120. 

Pump,  forcing,  229. 

„ sucking,  228. 

Pyramids,  695. 

Quadrant,  709. 

Quantity  of  motion,  53. 

Radiant  heat,  425,  428. 

„ light,  500. 

Railways,  133;  origin  and  progress 
of,  133. 

Rainbow,  591. 

Raising  water,  318. 

Rapid  motions,  76. 

Rebound,  74. 

Reflecting  telescojje,  595. 

„ „ of  Lord  Rosse,  596. 

Reflection  of  light,  586,  590. 

Reflection  or  rebound  from  surfaces, 
73,  74. 

Refraction  of  light,  508. 

Regulator  or  governor  of  steam  cur- 
rents, 51. 

„ of  heat  and  combustion,  494. 
Repirlsion,  19,  73,  75. 

Resiu'ous  electricity,  609. 

Resistance  between  solids  and  fluids 
in  motion,  305. 

Resolution  of  forces,  58. 

Respiration,  372. 

Retina,  effects  of  light  upon,  537. 
Reversing  power  of  mirrors,  588. 

Rifle  baU  and  barrel,  313. 

Sails  and  rudder,  action  of,  310. 

Salt  water,  specific  gravity  of,  198. 
Sand  and  soda  when  melted  form 
glass,  17. 

Satellites,  689. 

Saturn,  685. 

Screw,  119. 

Screw  propeller,  315. 

Sea-sickness,  97. 

Seasons,  changes  of,  673. 
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Se.xtant,  709. 

Shadows,  505, 

Short  sight,  534. 

Skeleton,  145. 

Slack-sided  cushion,  369, 

Sling,  47. 

Smoke,  276. 

Snow  line  on  hills,  438. 

Soap  biibbles,  59  7. 

Solar  system,  679,  681. 

Sound,  spreading  of,  338. 

„ concentration  of,  345. 

„ Whispering  Gallery,  345. 

„ reflection  of,  344. 

„ velocity  of,  341. 

Sounds,  322. 

Speaking-trumpet,  347. 

Specific  gravity,  186. 

Speeds  of  motions,  36. 

Spirit  level,  171. 

Steam-engine,  252. 

Steelyard,  110, 

Stereoscope,  573. 

Stilts,  95. 

Storms,  238. 

Stove,  self-regulating,  494. 

Strength  of  materials,  135,  145. 
Stuttering,  383. 

Style  (in  time),  old  and  new,  692. 
Sucker,  222. 

Sucking  pump,  228. 

Sun,  678,  684. 

Swimming,  193. 

Syphon,  229. 

Table  of  knowledge,  xix. 

Telescope,  reflecting,  595. 

„ refracting,  582, 
Temperature,  list  of  facts  dependent 
on,  466. 

Tenacity,  33. 

Thermometers,  463,  485, 

Tides,  75,  677. 


Time,  measures  of,  690. 

Toricellian  vacuum,  237. 

Trade  winds,  279. 

Transfer  of  heat,  200,  423. 

Transit  instrument,  667. 

Trim  of  a ship,  197. 

Tuning-fork,  332. 

Turbine,  317. 

Undulation,  403. 

Upright  vision  from  inverted  images, 
530. 

Valuable  recent  discoveries  and  in- 
ventions, 604. 

Valve,  208. 

Vapours,  244. 

Velocities,  36. 

Ventilation,  278;  warmed,  425. 
Vibration,  330. 

Visual  angle,  542. 

Voice  and  speech,  377. 

Voltaism,  621. 

Wars  the  cause  of  slow  progress  of 
civilization,  xxvi. 

Waste  of  fuel,  496. 

Water  bed,  362 ; cushion,  369. 

„ balloon,  214. 

„ ram,  320. 

Watt’s  steam-engine,  252. 

Wedge,  118. 

Wheatstone,  inventions  of,  641. 
Wheel  and  axle,  113. 

Wheel  carriages,  131. 

Whirl  to  dry  wet  linen,  49. 

Whirling  table,  47. 

Whirlpool,  49. 

Windmill  sails,  313. 

Winds,  278. 

Wire  cage,  globe,  664. 

Zenith,  667. 

Zinc,  621. 

Zodiac,  664. 


THE  END. 


LONDON  : WUNTED  Bi"  W.  CLOWES  AND  SONS, 


SXAMlfOKD  SIKEBT  AND  CUAIUNG  CKO^. 


ELEMENTS 


OF 

PHYSICS, 


OR 

NATURAL  PHILOSOPHY. 


©artttni  for  (Sencral  23^0, 


IN  NON-TECHNICAL  LANGUAGE. 


By  NEIL  AKNOTT,  M.D.,  F.R.S., 

OF  THB  ROYAL  COLLEGE  OF  PHYSICIANS;  PHYSICIAN  EXTRAORDINAUV  TO  THK ‘2IJEKN  ; MEMBER  OF  TMK 
SENATE  OP  THE  UNIVEItSITT  OF  LONIKDN; 

ETC.  ETC. 


SIXTH  AND  COMPLETED  EDITION. 

/ 


LONDON  : LONGMANS,  GREEN,  A Go. 
1865. 


V w ' 


A 


i 


1 


■h^ 


J- 


J 


K 


Wmmm 


